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FOREWORD 


This  handbook  is  the  first  of  a series  intended  to  cover  all  metals  and  alloys  that  are  available  inter- 
nationally. 


The  overall  objective  is  to  provide  reference  books  to  establish  the  chemical  composition  and  simi- 
larities of  the  wide  variety  of  alioy  designations  for  metals  and  alloys  in  use  throughout  the  modem 
world.  Through  the  use  of  an  alphanumeric  alloy  index,  the  user  may  quickly  locate  a specific 
alloy  composition  and  other  relevant  property  data  for  this  material,  or  he  may  search  for  a general 
or  particular  alloy  system. 


The  handbook  is  organized  in  a manner  to  clearly  show  the  relationship  of  alloys  and  standards  of 
one  country  with  similar  alloys  and  standards  of  other  countries.  The  information  presented  is  for 
guidance  purposes  only.  This  handbook  is  not  intended  to  be  used  as  a reference  in  purchase 
specifications,  nor  should  it  be  used  to  supersede  any  standards  or  specifications.  Under  no  circum- 
stances should  this  handbook  be  taken  as  an  authority  to  use  material  in  lieu  of  the  designers 
specifications.  It  may,  however,  aid  in  selecting  alternative  materials. 


The  prevalent  use  of  the  English  units  system  in  the  U.S.  and  the  metric  units  system  in  Europe 
necessitates  the  use  of  both  systems  in  this  edition.  It  is  hoped  the  the  U.S.  conversion  to  the 
(SI)  Internationa)  System  of  Units'38*  in  the  metric  system  will  be  rapid.  The  conversion  to  SI 
is  progressing  rapidly  in  Europe. 
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HANDBOOK  OF  INTERNATIONAL  ALLOY  COMPOSITIONS  AND  DESIGNATIONS 


VOLUME  I - TITANIUM 


ABSTRACT 


This  handbook  was  compiled  from  data  collected  from  many  sources  in  an  effort  to  bridge  the 
nomenclature  gap  on  titanium  materials  produced  and  used  in  various  countries  of  the  world.  Its 
primary  purpose  and  emphasis  is  to  conveniently  interrelate  the  alloy  designations  and  standards  of 
one  country  with  the  alloy  designations,  compositions,  and  standards  of  other  countries  for 
titanium  materials. 

In  addition  to  equating  chemical  compositions  of  the  world's  titanium  alloys,  the  handbook  relates 
compositions  to  product  forms,  standards,  producing  companies,  alloy  types,  common  names,  and 
applications,  and  it  also  lists  some  basic  physical  and  mechanical  properties  for  the  better-known 
alloys. 


INTRODUCTION 


Increasing  commercial  trade,  military  cooperation,  and  technical  exchange  between  countries  in 
recent  years  has  made  it  imperative  to  be  able  to  use  metallic  products  produced  in  different 
countries  interchangeably.  Unfortunately,  it  is  often  extremely  difficult  to  determine  which  alloys 
produced  in  one  country  are  equivalent  to  or  approximately  equivalent  to  alloys  produced  in 
another  country.  This  information,  where  available,  is  often  located  in  separate  documents  which 
are  difficult  to  obtain.  Hence,  direct  alloy  comparisons  on  an  international  level  usually  entail 
a considerable  effort.  To  bridge  this  information  gap,  the  Metals  and  Ceramics  Information  Center 
(MC1C)  plans  to  prepare  and  publish  a series  of  international  handbooks  each  devoted  to  one  or 
more  of  the  world’s  major  metals. 

As  a starting  point  for  this  international  alloy  handbook  series.  MC1C  selected  titanium  and  titanium 
alloys  as  representing  a relatively  new  metal  for  which  relatively  few  references  are  available  as  refer- 
ences to  for  pertinent  compositions  applicable  standards,  and  specifications  on  an  internationl  basis. 

Another  reason  for  selecting  titanium  3nd  its  alloys  was  to  capitalize  on  the  excellent  recent  work 
by  the  1975  European  Technical  Committee  on  titanium  materials.  This  group,  consisting  of  four 
leading  European  titanium  producers,  was  organized  to  discuss  available  knowledge  and  experience 
among  themselves  with  the  aim  of  formulating  joint  standardization  proposals.  The  four  member 
companies  are;  Con  timet,  Titanium  Division  of  Thyssen  Edelstahlwerke  AG,  Krefeld,  Germany; 
Fried.  Krupp  GmbH,  Krupp  Metall-und  Schmiedewerke,  Essen,  Germany;  Imperial  Metal  Industries 
Ltd.  (Kynoch),  New  Metals  Division,  Birmingham,  England;  and  Pechiney  Ugine  Kuhlman  (PUG), 
Ugine  Aciers,  Paris,  France. 
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The  results  of  the  European  technical  committee  work  are  found  in  a trilingual  publication, 
“Technical  Supply  Conditions  for  Semi-fabricated  Products  of  Titanium  and  Titanium  Alloys”/1! 
Their  report  was  compiled  with  the  object  of  providing  European  producers  and  users  with  a 
generally  valid  basis  and  guidelines  for  everyday  work  with  titanium  and  its  alloys.  The  report 
includes  product  definitions  and  heat-treatment  conditions  together  with  type  and  frequency  of 
chemical  analysis,  mechanical  property  tests,  and  ultrasonic  tests. 

To  supplement  the  coordinated  start  by  the  European  prime  titanium  producers  Technical 
Committee,  MCIC  visualized  a still  broader  need  for  a cross  index  of  worldwide  titanium  alloy 
designations  with  their  respective  chemical  composition  and  equivalents.  A preliminary  MCIC 
feasibility  and  market  study  confirmed  the  need  for  an  alloy  composition  reference  book(s) 
covering  all  metals/561  The  result  of  this  effort  is  this  International  Titanium  Alloy  Handbook. 


GENERAL  CONSIDERATIONS  OF  TITANIUM  AND  TITANIUM  ALLOYS 


Physical  and  Metallurgical  Characteristics 

Table  A(45>  compares  some  selected  physical  properties  of  pure  titanium  with  those  of  four  other 
pure  metals  (aluminum,  iron,  magnesium,  and  copper). 

Titanium  is  about  40  percent  lighter  than  steel.  However,  certain  titanium  alloys  can  be  equated 
on  a strength-to-weight  basis  to  steels  having  yield-strength  levels  of  about  300  ksi  (2,068  MN/m2). 
Titanium  alloys  are  60  percent  heavier  than  aluminum  and  are  much  stronger,  useful  to  much 
higher  temperatures,  show  higher  fatigue  strengths,  and  greater  hardness  than  aluminum  alloys. 

A wide  range  of  physical  and  mechanical  properties  are  available  from  titanium  and  its  alloys. 

Titanium  and  titanium  alloys  are  used  in  engineering  design  primarily  for  their  excellent  combi- 
nation of  mechanical  properties,  corrosion  resistance,  and  low  density.  Other  advantages  of 
titanium  for  specific  applications  include  low  magnetic  permeability,  good  toughness  characteristics, 
and  low  hardening  temperatures  in  heat  treating.  Alloying  improves  the  properties  of  commer- 
cially pure  titanium,  and  many  titanium  alloys  can  be  further  strengthened  by  heat  treatment. 

Each  element  that  might  combine  with  titanium  either  intentionally  or  unintentionally,  results  in 
some  change  in  the  basic  crystal  structure.  In  this  sense,  even  the  commercial  unalloyed  grades 
cf  titanium  are  alloys,  since  each  of  the  grades  contains  various  quantities  of  impurity  elements. 
Examples  of  the  impurity  or  alloying  quantities  permitted  in  the  various  unalloyed  grades  of 
titanium  per  public  specifications  in  the  U.S.  are  shown  below. 


Grade 

Maximum  or  Range,  ppm 

C 

o2 

n2 

h2 

Fe 

1 

300 

1000 

120 

50 

1000 

2 

500 

1000 

200 

80 

2000 

3 

500 

1000-1500 

200 

80 

2000 

4 

500 

1500-2500 

200 

80 

3000 

2 


TABLE  A.  PHYSICAL  PROPERTIES  OF  TITANIUM  AND  OTHER  PURE  METALS(45> 
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These  impurity  levels  contiol  the  strength  of  the  unalloyed  grades  which  varies  from  25  to  70  ksi 
(172  to  483  MN/m2)  minimum  yield  strength  in  Grades  1 to  4.  In  addition,  one  U.S.  producer 
(TMCA)  makes  another  grade  with  higher  impurity  content  and  a still  higher  tensile  yield  strength. 

A second  important  alloying  effect  is  the  change  induced  in  the  polymorphous  transformation 
temperature  of  the  crystal  structure.  For  pure  titanium,  the  transformation  temperature  is  about 
1625  F (885  C).  Below  this  temperature  the  metal  atoms  occupy  a hexagonal-close-packed  (hep) 
structure  which  is  designated  as  the  alpha  phase.  Above  this  temperature  the  alpha  phase  changes 
to  a body-centered-cubic  (bec)  structure  which  is  called  the  beta  phase. 

The  interstitial  elements,  carbon,  oxygen,  and  nitrogen,  and  the  metal  aluminum,  are  examples 
of  elements  that  raise  the  transformation  temperature  (so  called  alpha-phase  stabilizers);  all  other 
elements  lower  it  in  varying  amounts  (beta  stabilizers).  Iron,  vanadium,  chromium,  molybdenum, 
and  manganese  are  elements  that  markedly  lower  the  transformation  temperature.  Zirconium  and 
tin  lower  it  only  slightly.  The  amount  of  the  elements  added  to  titanium  also  affects  the  extent 
of  change.  The  ability  of  elements  to  distort  the  crystal  structure  of  titanium  to  cause  strength- 
ening or  changes  in  the  phase  transformation  behavior  varies  from  element  to  element  and  is  the 
basis  of  titanium  alloy  metallurgy. 


The  alpha-  and  beta-phase  stabilizing  elements  for  titanium,  when  added  either  singly  or  in  any 
combination,  tend  to  strengthen  the  base  structure  and  to  promote  other  mechanical,  physical, 
and  metallurgical  characteristics  as  well  as  to  control  basic  microstructure.  Alloys  may  be  selected 
for  applications  based  on  the  combinations  of  desired  characteristics.  For  example,  an  alpha  alloy 
might  be  selected  for  its  high  creep  strength  at  elevated  temperatures.  One  would  not  choose  a 
beta  alloy  for  this  requirement.  A beta  alloy  might  be  selected  for  ease  of  fabricability  in  manu- 
facturing a part  with  a complex  contour.  Generally,  alpha  + beta  alloys  are  a good  choice  when 
combinations  of  properties  are  desired. 

The  mechanical  properties  of  a given  alpha  + beta  alloy  are  quite  dependent  on  the  relative 
amounts  of  each  of  the  phases  present.  This,  in  turn,  is  a function  of  temperature  as  well  as 
composition.  Thus,  the  properties  of  titanium  alloys  in  general,  and  of  alpha  + beta  and  beta 
alloys  in  particular,  are  dependent  on  their  thermal  history  and  heat  treatments.  The  inter- 
relationship of  mechanical  properties  with  variables  in  composition  and  structure  is  very  complex 
and  is  regarded  as  outside  the  scope  of  this  handbook.  Accordingly,  no  attempt  has  been  made 
to  discuss  any  details  of  heat  treatment  for  titanium  and  its  alloys. 


Availability  and  Designations  of  Titanium  Alloys 

More  than  100  titanium  alloys  have  been  offered  commercially  since  the  start  of  the  titanium 
industry.  The  substitution  of  modified  compositions  for  some  of  the  earlier  alloys,  the  elimination 
of  a few,  and  the  continual  introduction  of  new  alloys  has  tended  to  maintain  the  compositions 
available  to  users  somewhat  lower  than  100.  For  example,  about  30  compositions  are  available 
commercially  from  U.S.  producers,  40  in  the  U.S.S.R.,  about  a dozen  in  the  U.K.,  and  5 or  6 
from  French,  German,  and  Japanese  producers.  The  totals  include  various  grades  of  unalloyed 
titanium  and  selected  alloys.  Also,  several  basic  compositions  (e.g.,  Ti-5AJ-2.5Sn  and  Ti-t>AI-4V) 
are  common  to  more  than  one  country.  Although  a wide  variety  of  alloys  is  available,  some 
compositions  arc  rarely  used  even  though  they  are  offered. 

A few  compositions  offered  constitute  the  most  used  titanium  alloys  and  grades.  Those  most  used 
in  the  United  States  for  more  than  a decade  are  apparent  from  the  following  shipments  tabulation. 


Composition 

Percent  of  Total  Shipments  in  U.S. 

1961 

1971 

1973 

Ti-6A1-4V 

45 

56 

57 

Unalloyed  Ti  grades 

16 

19 

22 

Ti-5Al-2.5Sn 

15 

7 

6 

Ti-6Al-6V-2Sn 

2 

7 

9 

Ti-8Mn 

10 

2 

1 

Ti-13V-l  lCr-3Al 

10 

1 

<1 

Ti-8Al-lMo-l  V 

1 

3 

2 

Ti-6Al-2Sn-4Zr-2Mo 

N/A 

3 

2 

Other 

2 

3 

<1 

Foreign  use  patterns  are  unknown  (shipments),  but  it  is  strongly  believed  that  the  Ti-6A1-4V  alloy 
would  be  one  of  the  most  used.  The  dominance  of  the  Ti-6AF4V  alloy  in  U.S.  applications  is 
obvious  from  the  above  data.  Each  of  the  other  producing  countries  makes  the  Ti-6A1-4V  grade- 
designated  IM1-318  in  the  U.K.;  as  VT6  in  the  U.S.S.R.;  T-A6V  in  France;  and  Contimet  A1V  64, 
Krupp  Tikrutan  LT  31,  LW  3.7164,  and  DIN  3.7165  in  Germany.  This  alloy  is  also  widely  used 
in  nonproducing  countries  as  well.  The  continued  dominance  of  the  Ti-6A1-4V  alloy  and  the 
several  grades  of  unalloyed  titanium  is  expected.  The  Ti-6A1-4V  is  a versatile  and  dependable  alloy 
and,  perhaps  most  importantly,  a vast  data  base  is  available  for  this  composition  in  a wide  variety 
of  conditions  and  circumstances.  These  conditions  tend  to  persuade  prior  users  of  the  material  to 
continue  using  it,  and  new  users  to  select  it. 

The  compositions  offered  commercially  are  of  three  basic  metallurgical  types.  Classification  of 
alloys  in  terms  of  the  predominant  crystal  structure,  alpha,  alpha  + beta,  and  beta  is  commonly 
used  for  alloy  typing.  There  are  variations  of  the  predominant  crystal  structures  (e.g.,  alpha- 
dispersoid  structure),  but  the  alpha  or  the  beta  forms  are  found  separately  or  mixed  in  each 
commercial  titanium  base  alloy.  Generally,  each  alloy  has  some  unique  property  or  combination  of 
properties  to  permit  its  continued  offering  and  application. 

The  titanium  alloys  offered  by  the  U.S.  producers  are  listed  in  Table  IE  (page  82)  with  an  alloy-type 
classification  name  according  to  the  above  system.  A common  name  is  also  shown  for  most  of  the 
compositions.  The  product  forms  available  for  these  alloys  are  also  shown  in  Table  IE.  The 
company  designation  for  thtse  materials  frequently  includes  a company  identification  symbol  or 
name;  for  example,  Armco  Ti-6A1-4V  for  the  Armco  Steel  Corporation  brand  of  this  alloy  or 
Rm-6A1-4V  for  the  RM  Company  product,  and  MMA-9744  for  the  Martin  Marietta  Aluminum 
Company  brand  of  Ti-6Al-2Sn-4Zr-2Mo  alloy.  Other  producers  use  meaningful  symbols  for  designa- 
tions; e.g.,  Crucible  uses  the  prefix  A for  alpha,  B for  beta,  C for  alpha-beta,  plus  a number  repre- 
senting a minimum  tensile  yield  strength  and  a suffix  for  kind  of  alloy  addition;  thus,  A-110AT  for 
Ti-5Al-2.5Sn  and  C-120AV  for  Ti-6A1-4V.  The  largest  U.S.  titanium  producer,  Titanium  Metals 
Corporation  of  America  (TMCA),  uses  only  the  nominal  composition  to  designate  their  products. 

The  scheme  of  the  designation  system  for  U.S.  alloys  by  companies  is  apparent  from  the  listings 
of  Table  IE.  1.  This  table  also  reveals  which  alloys  arc  offered  by  some  of  the  major  companies, 
although  it  should  be  recognized  that  this  is  an  incomplete  listing.  Designations  for  U.S.  titanium 
welding  rods  and  electrodes  are  shown  in  Tabic  1E.2,  the  welding  rod  and  electrode  compositions 
arc  specified  by  the  American  Welding  Society. 
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The  designation  systems  used  by  non-U.S.  companies  for  titanium  materials  seem  to  be  somewhat 
similar  to  those  used  in  the  U.S.,  knowledge  of  alloys  and  designations  from  several  foreign  sources 
is  still  incomplete.  For  example,  the  IMI  prefix  to  the  designations  of  alloys  offered  in  the  U.K. 
consists  of  the  initials  of  the  producer,  Imperial  Metal  Industries  Ltd.  Similarly,  'he  designation 
prefixes  of  Soviet  compositions  refer  to  the  institute  that  developed  the  alloys.  For  example, 

VT  20  refers  to  VlAM-developed  titanium  alloy  (VIAM  is  the  acronym  for  the  All  Union 
Institute  of  Aviation  Materials).  Table  1F.1  gives  the  U.K.  or  British  designations,  Table  1F.2 
the  French  Designations,  1F.3  the  German  designations,  1F.4  the  Soviet  designations,  1F.5  the 
Czechoslovakian  designations,  1F.6  the  Japanese  designations,  1F.7  the  Spanish  (proposed)  designa- 
tions, and  1F.8  the  ISO  (International  Standards  Organization)  (proposed)  designations. 

Less  information  is  available  from  some  of  the  other  countries  dealing  in  titanium  products.  It  is 
known,  however,  that  the  bulk  of  the  Japanese  titanium  business  is  in  unalloyed  titanium  grades 
and  that  the  grade  designations  reflect  their  purity  and,  therefore,  strengrh  level.  For  example, 
Kobe  Steel  Company  titanium  grades  are  designated  KS-50  and  KS-70  while  Sumitomo  Light 
Metal  Industries  (later  Nippon  Stainless  Steel  Company)  grades  were  ST-40,  ST-50,  ST-60,  ST-70, 
and  ST-80.  Numbers  in  these  designations  refer  to  tensile  yield  strength  minimums  and,  therefore, 
indirectly  to  purity  level.  Japan  markets  titanium  alloys  and  sponge  on  a wide  international  basis. 

The  French  designation  system  is  based  on  a letter  and  number  coding  plan  that  gives  the  major 
constituents  and  their  quantity  in  the  alloys,  but  ignores  quantifying  minor  elements.  For  example, 
T-A5E  is  the  designation  for  Ti-5Al-2.5Sn.  Other  French  designations  are  as  follows: 


Composition  Designation 


Ti-8Al-lMo*l  V T-A8DV 

Ti-4AI-4Mn  T-A4M 

Ti-4Al-3Mo- 1 V T-A4D3V 

Ti-6A1-4V  T-A6V 

Ti-7Al-4Mo  T-A7D 


Composition 

Ti-13V-HCr-3Al 

Ti-6Al-2Sn-4Zr-2Mo 

Ti-6Al-5Zr-lW-0.2Si 

Ti-6AF5Zr-0.5Mo-0.2Si 

Ti-6Al-4V-3Co 


Designation 

T-V13CA 

T-A6Zr4DE 

T-A6AZ5W 

T-A6Zr5D 

T-A6V4K3 


Unalloyed  titanium  grades,  e.g.,  T-35,  T-40,  T-50,  and  T-60,  indicate  yield  strength  in  the  same  way 
that  several  other  countries  designate  unalloyed  grades.  The  Germans  and  French  usually  express 
the  nominal  compositions  with  quantity  following  the  element  symbol.  This  is  the  reverse  of  the 
U.S.  and  U.K.  practice  where  the  quantity  precedes  the  element  symbol;  for  example: 


U.S.  Format 
Ti-6A1-4V 
Ti-6Al-6V-2Sn 
Ti-4Al-4Mo-2Sn 
Ti-8Al-lMo-l  V 
Ti-2Cu 


German  Format 

TFA16-V4 

Ti-A16-V6-Sn2 

Ti-A14-Mo4-Sn2 

TFAI8-M0I-VI 

Ti-Cu2 


\ 


■ 


i 


Ti-5Al-2.5Sn 


TFA15-Sn2.5 
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STRUCTURE  AND  FORMAT  OF  THE  TITANIUM  ALLOY  HANDBOOK 


Data  Acquisition 

Data  for  this  handbook  were  obtained  from  89  references  which  are  listed  on  pages  129-138,  In  addi- 
tion to  the  usual  publications  and  standards  available  in  the  MC1C  files  and  the  Battelle-Columbus 
library,  MCIC  relied  on  personal  contacts  with  select  d producers  and  users,  both  in  the 
U.S.  and  Europe,  to  obtain  some  of  the  special  documents  used  in  this  data  compilation. 


Computerized  Format  of  Nominal  Compositions 

A computer  and  a special  alphanumeric  nomenclature  were  used  as  aids  in  methodically  sorting  and 
classifying  alloy  compositions.  To  familiarize  the  user,  the  computerized  alphanumeric  format  is 
compared  with  the  more  conventional  alloy  format  in  Table  1A  (page  60). 

Note  that  in  the  computerized  format  the  elements  are  arranged  in  a descending  order  of  their 
alloying  importance  in  titanium;  e.g.,  Al,  V,  Mo,  Sn,  Zr,  Mn,  Cr,  Fe,  Cu,  Pd,  Cb/Nb,  and  others. 
The  quantity  of  the  element  follows  the  element  symbol  instead  of  preceding  it.  When  the 
quantity  of  an  element  is  10  percent  or  greater  a blank  space  is  left  after  the  element  symbol  so 
the  computer  can  order  it  into  the  10,  20,  or  30  range,  etc.  This  change  in  nominal  composition 
format  permits  a methodical  approach  to  bringing  all  alloys  of  similar  composition  together  by 
mechanical  computer  sorting,  and  thus  provides  a common  denominator  for  alloys  of  any  country. 
For  proper  sorting  it  is  essential  that  the  nominal  formats  always  be  consistent. 

To  cope  with  the  controversially  different  names  and  symbols  used  for  one  element,  e.g.,  Cb  for 
columbium  and  Nb  for  niobium,  the  combined  symbol  (Cb/Nb)  is  used  in  the  computerized 
format. 


Handbook  Structure 

The  handbook  is  structured  so  that  the  user  can  readily  obtain  information  about  titanium 
alloys  in  a number  of  ways.  The  various  tables  and  appendixes  are  shown  in  the  Table  of 
Contents.  A synopsis  is  given  in  the  paragraphs  which  follow. 

Detailed  Chemical  Composition 

Table  1 is  the  basic  table  of  the  handbook  wherein  the  detailed  chemical  composition  of  each  alloy 
designation  is  given.  It  also  indicates  company,  country,  alloy  type,  forms  available,  and  some 
alloy  applications.  Table  1 is  arranged  so  that  alloys  of  similar  composition  are  grouped  together. 

Alloy  index 

The  entry  or  “key”  to  Table  I is  the  Alloy  Index  found  following  the  Appendixes.  This  index, 
arranged  alphanumerically,  shows  the  specific  line  (index  number)  where  the  alloy  is  listed  in 
Table  1. 
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Physical  and  Mechanical  Properties  and  Equivalent  Alloys  Standards 


Most  of  the  nominal  compositions  in  the  total  collection  reduce  to  11 2, shown  in  Tables  IB,  1C, 
and  ID.  The  minimum  physical  properties  of  some  of  these  112  alloys  are  given  in  Table  IB  in 
English  and  SI  units,  and  the  minimum  mechanical  properties  are  given  in  Table  1C.  The  same 
1 1 2 alloys  are  correlated  with  pertinent  national  standards,  alloy  equivalents,  and  UNS  (Unified 
Numbering  System)  designations  in  Table  ID.  Where  possible,  the  U.S.,  British,  French,  German 
and  other  national  standards,  and  selected  applications  of  the  alloy,  are  shown. 


Typical  U.S.  Titanium  Alloys 

The  typical  alloys  used  in  the  U.S.  are  given  in  Table  IE.  The  correlation  of  typical  U.S.  titanium 
alloys  by  company^45,57*  are  shown  in  Table  IE. 2. 


Typical  Non-U.S.  Titanium  Alloys 

The  typical  non-U.S.  alloys  of  commercial  interest  are  shown  in  Table  IF.  The  following  subtables 
show  the  titanium  alloys  for  United  Kingdom,  France,  Germany,  U.S.S.R.,  Czechoslavakia,  Japan, 
Spain,  and  ISO,  International  Standards  Organization  Alloys. 


Table 

1F.1 

United  Kingdom  alloys 

Table 

1F.2 

French  alloys 

Table 

1F.3 

German  alloys 

Table 

1F.4 

Soviet  alloys 

Table 

1F.5 

Czechoslovakian  alloys 

Table 

1F.6 

Japanese  alloys 

Table 

1F.7 

Spanish  alloys  (proposed) 

Table 

1F.8 

ISO  alloys  (proposed) 

Current  U.S.  Titanium  Standards  and  Specifications 

Listing  of  current  U.S.  Titanium  Standards  or  specifications,  Aerospace  Material  Specifications, 
American  Society  for  Testing  and  Materials  Standard  Specifications,  U.S.  Military  Standards,  and 
American  Welding  Society  Standards  are  given  in  Tables  1G,  11,  IK,  and  1M. 

Table  1G  Shows  the  current  AMS  standards 

Table  II  Shows  the  current  ASTM  standards 

Table  IK  Shows  the  current  U.S.  Military  standards 

Table  1M  Shows  the  American  Welding  Society  standards. 


Correlation  of  U.S.  Alloy  Standards 


Correlation  of  AMS  compositions  with  AMS  product  form 
specifications 

Correlation  of  ASTM  standards  specifications  with  titanium 
alloy  compositions 

Current  U.S.  Military  specifications  covering  titanium  and  titanium 
alloys 

Correlation  of  U.S.  Military  specifications,  forms  with  titanium 
alloy  compositions 


Titanium  Sponge  Characteristics 


Table  1H 
Table  1J 
Table  IK 
Table  1L 


The  titanium  sponge  compositions  are  shown  in  Table  IN.  Availability,  economics,  and  usage  of 
titanium  sponge  are  discussed  in  detail  in  “The  Titanium  Industry  in  the  Mid-70Y,(57^. 


Foreign  Titanium  Standards 

Foreign  Current  Titanium  Standards  numbers  and  titles  of  titanium  alloys  are  listed  in  the  following  tables: 


Table 

10 

British  standards 

Table 

IP 

French  standards  and  AECMA  standards 

Table 

IQ 

German  standards 

Table 

1R 

Soviet  standards 

Table 

IS 

Czechoslovakian  standards 

Table 

IT 

Japanese  standards 

Table 

1U 

ISO  standards  (proposed) 

Table 

IV 

Spanish  standards  (proposed) 

Table 

1W 

Other  current  U.S.  standards. 

The  current  standards  of  these  various  countries  are  compared  by  national  standards  and  composi- 
tion in  Appendixes  7 and  8,  respectively.  Older  standards  are  listed  in  Appendix  6,  names  and 
addresses  of  organizations  generating  these  standards  are  shown  in  Appendix  5. 


Company  and  Country  Codes 

The  Country  Code  relationships  are  shown  in  Appendix  1.  The  Company  Code  numerical  relation- 
ship is  shown  in  Appendix  2,  and  the  Company  Code  alphabetical  order  is  shown  in  Appendix  3. 

Foreign  Current  Titanium  Standards  numbers  and  titles  of  titanium  alloys  are  listed  in  the  following 
Unified  Numbering  System 


The  Unified  Numbering  System  (UNS)  is  being  developed  jointly  by  the  U.S.  Society  of  Automotive 
Engineers  (SAE)  and  the  American  Society  for  Testing  and  Materials  (ASTM).  Ultimately,  UNS  is 
intended  to  provide  a means  of  “correlating  many  nationally  (North  America)  used  numbering 
systems  currently  administered  by  societies,  trade  associations,  and  individual  users  and  producers 
of  metals  and  alloys”*34).  In  its  publication,  the  UNS  has  established  a schematic  system  for  15 
series  of  numbers  representing  15  groups  of  metals  and  alloys.  Each  UNS  number  consists  of  a 
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single  letter  prefix  followed  by  five  digits.  For  example,  the  UNS  Number  AXXXXX  designates 
a group  consisting  of  aluminum  and  aluminum  alloys. 

In  this  initial  compilation,  titanium  and  its  alloys  were  not  identified  as  a specific  group  but  rather 
were  included  under  UNS  Number  RXXXXX  which  designates  an  alloy  group  consisting  of 
“Reactive  and  Refractory  Metals  and  Alloys”.  Subsequently,  the  Chairman  of  the  UNS  Joint 
Committee  has  furnished  MCIC  with  the  UNS  titanium  numbers  that  will  be  included  in  the  next 
edition  of  the  Unified  Numbering  System  catalog  for  metals  and  alloys.  The  UNS  numbers  presently 
assigned  titanium  and  titanium  alloys  are  shown  in  Appendix  4.  Note  that  relatively  few 
commercial  alloys  have  been  assigned  UNS  numbers.  The  titanium  alloys  and  unalloyed  titanium 
selected  for  numbering  are  given  three  numbers  depending  upon  the  hydrogen  level. 


British  Titanium  Data 

Appendixes  9,  9.1,  and  9.2  were  compiled  and  furnished  by  Imperial  Metal  Industries  Ltd.,  New 
Metals  Division  (Kynoch),  Birmingham,  England. 

Appendix  9 correlates  the  British  Standards  (Aerospace  Series)  and  DTD  (Ministry  of  Defence) 
with  the  respective  IM1  alloy  numbers/6*  with  the  nominal  composition,  forms  available,  and  perti- 
nent mechanical  properties. 

Appendix  9.1  correlates  IMI  alloy  numbers*7*  with  numerous  international  standards  and  specifi- 
cations. The  correlation  includes  the  following  standards:  British  Standards  (Aerospace  Series) 
and  British  Standards  (Codes  of  Practice  Series),  DTD  (Ministry  of  Defence  Specifications); 
European  AEMCA  (Association  European  Constructeurs  de  Material  Aerospace);  French  AIR 
(Reglements  AIR);  German  LW,  B.W.B.  or  LN  (Luftfahrt  Werkstoffe  Specifications);  DIN  (Deutsche 
Norman);  TUV  (Vereinigung  der  Technischer  Uberwachungs  Vereine  EV);  United  States  AMS 
(Aerospace  Material  Specifications);  US  Military  Specifications;  and  ASTM  (American  Society  for 
Testing  and  Materials),  The  fi. rms  covered  by  the  specifications  are  also  indicated  in  this 
correlation. 

Appendix  9.2  summarizes  application  and  usage  patterns  for  various  British  IMI  titanium  and 
titanium  alloys  in  four  sections: 

Section  A relates  to  the  general  chemical  plant  corrosion  situations  as  well  as 
environments,  type  of  plant,  and  reasons  for  alloy  usage, 

Section  B relates  to  general  and  engineering  applications  of  commercially 
pure  titanium, 

Section  C indicates  some  applications  for  titanium  alloys  (IMI  numbers) 
and  reasons  for  alloy  usage, 

Section  D indicate"  various  applications  for  titanium  and  titanium  alloys 
(IMI  numbers)  in  Aerospace  Engineering. 


German  Titanium  Data 

The  Appendixes  10,  10.1,  and  10.2  were  compiled  and  furnished  by  Fried.  Krupp  GmbH,  Krupp 
Metall-und  Schmiedewerke,  Essen,  West  Germany. 
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Appendix  10  correlates  the  Krupp  Tikmtan  titanium  and  titanium  alloy  designations  with  various 
international  standards  and  alloy  designations  including  U.S.,  West  Germany,  England,  France, 
European,  Soviet,  and  East  Germany.*21*  The  second  portion  of  Appendix  10  relates  the  Krupp 
Tikrutan  alloy  designations  with  the  German  brief  alloy  designations,  aircraft  material  standards, 
AECMA  standards,  shaping  methods  and  dimensions.*23* 

Appendix  10.1  includes  a number  of  Krupp  tables.  Table  1 shows  the  chemical  composition  of 
the  commercially  pure  titanium  designations;  Krupp  Table  4 shows  the  chemical  composition  of  the 
Tikrutan  alloy  designations.  Table  2 shows  the  physical  properties  of  commercially  pure  titanium; 
Table  5 shows  the  physical  properties  of  Tikrutan  alloys.  Table  3 shows  the  mechanical  properties 
of  commercially  pure  titanium;  Table  6 shows  the  mechanical  properties  of  Tikrutan  alloys.*20* 

Appendixes  11  and  11.1  were  compiled  by  Contimet  Titanium  Division  of  Thyssen  Edelstahlwerke 
AG,  Krefeld,  West  Germany.  Appendix  11.1  correlates  the  Contimet  titanium  alloy  number 
(Contimet  Table  2)  with  various  international  standards  and  alloy  numbers  including  West  German 
standards  and  specifications,  Great  Britain  standards  and  specifications,  French  standards  and 
specifications,  European  standards,  and  U.S.  standards.  Table  1 shows  their  mill  processing  and 
forms  available  by  alloys;  Table  3 shows  their  alloy  chemical  compositions;  Table  4 shows  the 
physical  properties  of  Contimet  alloys;  and  Tables  5,  6,  and  7 show  the  mechanical  properties  of 
Contimet  brand  alloys.*18* 

Appendix  12  and  its  subdivision  12.1  were  compiled  and  furnished  by  the  Otto  Fuchs  Metallwerke, 
West  Germany.  Appendix  12  correlates  the  Fuchs  brand  titanium  alloy  with  German,  French,  and 
British  standards  as  well  as  with  Contimet,  IMI,  and  Krupp  alloy  numbers.  Appendix  12.1  summa- 
rizes physical  and  mechanical  properties  of  the  Fuchs  titanium  alloys.*25* 


Soviet  Titanium  Data 

Appendixes  13  and  13.1,  compilations  from  the  1975  Soviet  book,  “The  Use  of  Titanium  in  the 
National  Economy”,*85*  shows  the  chemical  compositions  of  21  wrought  titanium  and  titanium 
alloys  as  well  as  six  titanium  and  titanium  alloy  casting  materials.  The  book  also  shows  nine 
designations  and  compositions  of  Soviet  titanium  sponge. 

Appendix  13.1  indicates  that  the  Soviet  book*85*  contains  six  extensive  tables  showing  the  inter- 
relationship of  wrought  and  cast  titanium  alloys  with  the  various  Soviet  technical  standards. 

This  information  has  been  utilized  in  preparing  Table  1,  Table  ID,  Table  1F.4,  Table  1R,  and 
Appendixes  6,  7,  and  8. 
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BA— bars.  Bl — billets.  C — casting.  E— extrusion,  '—foil.  FG— forging  |— ingot.  P— plate.  RD— rod.  SH— sheet. 
ST— strip,  T— tubing.  W— wire 
‘Noncurrent  standard  or  alloy  designation 
■•'These  alloys  also  known  as  alpha-dispersed  types 
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Information  on  this  group  of  alloys  is  continued  on  page  below 
"Noncurrenl  standard  or  alloy  designation 
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Name/  Company  Ctry  Country  Alloy  forma 

Alloy  Daalfnatlon  Alloy  Code  Code  standard  Type  Available  Applications 


BA— bars  Bl  -b.net  C-ca*t.ng  6 -extrusion.  f toil.  FG-fOrging.  I -ingot.  P-plale  RD— rod.  SH— ■ ieet  -Noncurrent  Siandard  or  alloy  c’es.gnat.on 

$T— sinp.  T —tubing  W— wire  con-condensers.  Heich- heal  exchanger.  ST— seamless  tubing  WT  - 
welded  lubmg 
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Information  on  this  group  o*  alloys  is  continued  on  page  belo* 
■Concurrent  standard  or  alloy  designation 


Common  Prime 

i"de»  Name.  Company  Ctry  Country  Alloy  forms 

No  Alloy  Designation  Alloy  Code  Code  Standard  Type  Available  Applications 
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TABLE  1A.  COMPARISON  OF  NOMINAL  CHEMICAL  COMPOSITIONS  (CONVENTIONAL  FORMAT)  PLUS  THE 
COMMON  NAMES/ALLOYS  WITH  NOMINAL  CHEMICAL  COMPOSITIONS  (COMPUTERIZED 
FORMAT)  l ALPHANUMERICAL  BY  COMPUTERIZED  FORMAT] 


Nominal  Composi  tion  Wt  % 
(Conventional  Format) 

Some  Common 
Namet/Alloys 

Country  Code 

Nominal  Composition  Wt  \ 
(Computerized  Format) 

Unalloyed  Ti.  99  070  ksi  YS 

(CP). (Grade  41 

US.UK.f  R.GY.UR 

Ti-Unailoyed  99  O.CP.  70  ksi  YS 

Unalloyed  Ti.99  2 55  ksi  YS 

(CP). (Grade  31 

US.UK.FR, GY 

Ti  Unalloyed  99  2.CP,  55  ksi  YS 

Unalloyed  Ti.  99  5 40  ksi  YS 

(CP), (Grade  2] 

US.UK.FR.GY 

Ti  Unalloyed  99  5.CP.  40  ksi  YS 

Unalloyed  Ti.  996  25  ksi  YS 

(CP). (Grade  1) 

US.UK.FR. GY 

Ti-Unailoyed  99  6.CP.  25  ksi  YS 

Ti  0.8AI  0 8Mn 

(OT40) 

UR 

Ti-AIO  8 Mn0.8 

Ti  1AI  1 ,5Mn 

(0T40) 

UR 

Ti-All  Mnl  5 

Ti  1AI  8V  5Fe 

(185) 

US 

Ti  All  V8  Fe5 

T,  2AI  1 5Mn 

(0T4  1) 

UR 

Ti-Al2  Mnl  6 

Ti  2AI-2M;) 

(IMI  315), T A2M 

UK.FR 

Ti  AI2  Mn2 

Ti  2AI  11V  2Sn  tIZi 

(Transage  129) 

US 

Ti  Al2  V 11  Sn2  Zr  11 

T.  2 5AI  IlSn  5Zr  1Mo0  2Si 

(6791, (IMI  679) 

US.UK 

Ti-Al2  5 Sn  11  Zr5Mo1  S>0  2 

Ti  2 25AI  1 1Sn  4Mo  0 25Si 

(IMI  680). TE1  IDA 

UK.FR 

TiAl2  25  Sn  1 1 Mo4  SiO  26 

T i-2  5AI  8Mo  4 5Cr 

Development 

US 

Ti  Al2  5Mo8Ci4  5 

T.  2 5AI  10Mo-6Cr 

Development 

US 

Ti  A12  5Mo10C>6 

Ti  2 5Ai  5Mo4  5V 

t VT 16) 

UR 

Ti  Al2  5Mo5  V4  5 

Ti  2 5AI-8V  lOMo 

Development 

US 

Ti  AI2.5  V8  MolO 

Ti  3AI  5Ci  3Fe 

(IMP  6 21 

UR 

T r-Al3  Cr5  Fe3 

T 3Ai  7Mo  6 5Cr  3Fe 

IIVT  1) 

UR 

Ti  A13  Mo7  Cr5  5 Fe3 

Ti  3Al  7 SMo  1 ICi 

(VT  151 

UR 

Ti  Al3Mo76C>  11 

Ti  3AI  IV  3Mc 

(T  A4D3V) 

FR 

Ti  AI3  VI  Mo3 

Ti  3Al  V2 

(IMP  7 1 

UR 

T.-AI3  V? 

Ti  3AI  2 5V 

(3  2 5).T  AV2  5 

US.FR 

Ti-Al3  V2  5 

T 3Ai  7 V 3 5Mo  100 

(TS6I 

UR 

T 1 AI3  V7  Mo3  5Cr  10 

T 3AI  8V  4Mo6Cr  4Zi 

(Beta  C) 

US  FR 

Ti  Al3  V8Mo4Cr6Zr4 

T 3A1  8V  8Mo  2fe 

(380  21 

US 

Ti  AI3  V8M08  Fe2 

Ti  10V  3AI  2Fe 

Development 

US 

T,  A13  V 10  Fe2 

Ti  3Ai  13V  11C< 

(3  13  11KB  I20i 

US  FR.GY 

Ti  AI3V  1 3 Cr  11 

T 3Ai  1 5(Cr*Fe-S.) 

(AT3I 

UR 

Ti  Al3(Cr*Fe*Si)1  5 

T 4Al  4Nb 

(IRM1) 

UR 

Ti  AI4-Cb  Nt>4 

T 4Ai  4Nb 0 IRe 

(1RM2) 

UR 

Ti  Al4  Cb.'Nb4  ReO  1 

T 4Ai  4 5Ft- 

(IRM6I 

UR 

Ti  AI4  Fe4  5 

Ti  4AI  1 5Mn 

IVT4I 

UR 

Ti  A!4  Mnl  5 

Ti  4 A 4Mr> 

(IMI  3I4HT  A4M) 

UK.FR 

Ti  AI4  Mn4 

T:  4AI  IV  3Mo 

(VT  141.(4  1 3) 

US.FR.UR 

Ti-AI4  VI  Mo3 

T 4AI  1 V 3Mo  0 2S‘ 

(VT14LI 

UR 

Ti  AI4  V!  Mo3  S'O  2 

Ti  4Al-4Mo2Sn0  6S, 

(IMI  5601  T A4DE 

UK, FR.GY 

Ti  Ai4  Mo4  Sn2  SiO  5 

Ti  4A;  4Mo4Sn0  5S' 

(IMI  5511 

UK 

Ti  A14  Mo4  Sn4  S>0  5 

T 4Ai  IV  3Mo 

(4  t 3l.(VT14) 

US.UR 

T 1A14  VI  Mo3 

Ti  4AI-2V 

(IMP  9) 

UR 

Ti  Al4  V2 

Ti  4 25Ai  1 5Mn 

IOT4I 

UR 

T i-AI4  26  Mn!  5 

Ti  4 5Ai  5Mo  1 5Cr 

Development 

US 

Ti  AI4  5 Mo5  Cr  1 .5 

T 4 5A1  1 5ICi ♦Fe*S'l 

IAT41 

UR 

T.  AI4  5 (Cr*  F e 4 Si  1 1 5 

Ti  5AI 

IVT5I 

UR 

Ti  AIS 

Ti  5Ai  3Ci  TFe 

(VT3I 

UR 

Ti  A16  Ci3  Pel 

T • SAI  6Sn  2Zr  1Mo0  25S' 

(5621SI 

US 

Ti  Ai5  Sn6  Zi2  Mol  S>0  25 

T 5AI  2Sn  2Zr  4Mo4Ci 

(TI  171 

US.UK.FR. UR 

Ti  AlSSn2Zi2Mo4Ci4 

T 5AI  0 5Si 

(VT6L1 

UR 

T,  AI5S.0  5 

T SAl  ZSSn 

(A  IlOl.lMI  317 

US.UK/ R.GY.UR 

Ti  Al5  Sn?  5 
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TABLE  1A.  (Continued) 


Nominal  Composition  Wt  % 
(Conventional  format) 

Some  Common 
Names/Alloyt 

Country  Code 

Nominal  Competition  Wt  % 

(Computerized  Format) 

Ti  5A1-2  5Sn  ELI 

(A-110  ELI) 

US.  GY 

Ti  AI5-Sn2.S  ELI 

T.  5AI-5Sn  5Zr 

(LT23) 

GY 

Ti-AI5-Sr.5-Zr5 

Ti  5AI-5V  5Mo  1.30  IFe 

IVT22I 

UR 

Ti-AI5-V5-Mo5Crl  3 Fel 

Ti-SAI  2Zr 

(T-A6ZW) 

FR 

Ti-Al6-Zr2 

Ti  5.5AI  4 V 

(VT6S) 

UR 

Ti-AI5.5  V4 

T.-6AI  1 5Mn  (1.5Zr) 

(OT4  2) 

UR 

Ti-Al6-Mnl  5-|Z'1.5) 

Ti  6AI  6Zr  0.5Mo  Q2S. 

(1M*  685) 

UK.FR.GY 

Ti  AI6  ZrS  Mo0  5 SiO  2 

Ti  6AI  2Cb  ITa-O  8Mo 

(6-2  It) 

US 

Ti-Al6-CtVNb2  Tal  MoO.B 

T.-6AI  2Sn  1.5Zr  1Mo  0.358i  0 IS. 

(TI  11) 

US 

T1-AI6  Sn2  Zr  1 .5  Mol  8.0  35-S.O  1 

T 6Al  2Sn  5Z>  1M^0.25Si 

(T-651A) 

FR 

Ti-AI6-Sn2  Zf5-Mo1-S'0  25 

T-6AI  11Z.1Mo-0.15S. 

(VT 18) 

UR 

T.  AI6-Zr  11  Mol  S.O  15 

Ti  6AI  2Mo  2Ci  - lFe-0  2S< 

(VT3  D.IVT3-1L) 

UR 

T,  AI6  M02  Cr2-Fel-S<0  2 

T.  6Al  2Sn  2Z.  2Mo  2Ci  0.2Si 

(62  2 2 21 

US.FR 

Ti  AI6  Sn2  Zr2  Mo2  Cr2  SO  2 

T1-6AI  2Sn-4Zr-2Mo 

16  2 4 2) 

US.FR.GY 

Ti-Ai6-Sn2  Z.4  Mo2 

Ti  6Ai  5Zr  4Mo  ICu  0 2S> 

IIMI  700) 

UK 

Ti  AI6  Z.5  Mo4Cu1  S.O  2 

T.-6AI  2Sn-4Zr  6M0 

(6-2  4 61 

US.FR 

T.  Al6  Sn2Z.4  M06 

T-6AI  0 5V-6Sn  6Zr  0 5Cu  0 5Fe 

(T  A6V6E2ZR) 

FR 

T.  AI6  VO  5 Sn6  Zr6-Cu0  5 Fe0.5 

T.-6AI  5Z.-0  7Mo-1V  0 3Cr  0 2S. 

(VT21L) 

UR 

Ti  Al6  Zr5  MoO  7 VI-CrO.3  SiO  2 

Ti  6AI  9V  ELI 

(64  ELI) 

US.GY 

Ti  AI6  V9  ELI 

Ti  6A1  4V 

I6  4MIMI-318) 

US.UK.FR, GY.UR 

Ti  AI6  V4 

T,  6Al  4V  3Co 

(T  A6V4K3I 

US.FR 

T1AI6  V4  Cc3 

T 1 6AI-4V  0 2Si 

(VT6L) 

UR 

T1-AI6  V4  Si0  2 

T--6AI  6V  2Sn 

(6  6 21.(3  7174) 

US.FR.GY 

Ti  AI6  V6  So2 

T16AI  6V  2Sn0  5Cu  0 5Fe 

IT  A6V6E2I 

r r 

Ti  Al6  V6S->2  Cu0  5Fe0  5 

Ti  6AI  6V  2Sn  6Zr 

(Ti  662Z.I 

FR 

T , AIC-V6  Sn2  Zr6 

Ti  6A1  5 1<  IW0  2Si 

(IMI  684) 

UK.FR 

T.-AI6  Zr5  VV1  S.O  2 

Ti  6AI  1 5(C"fe*S.) 

IAT6) 

UR 

T1-AI6  (Ci+F«Si)1  6 

T.6  5AI  3 5Mo  0 25Si 

(VT81 

UR 

Ti  AI6.5  Mo3  5-S.O  25 

T 1-6  5AI-3  5Mo  ZZr(or  Snl  0 25Si 

IVT9).(VT9L) 

UR 

Ti  Al6  6Mo3  6Z.(o>  Sn|2Si0  25 

Ti  6 5Al  2Zr  IMo  IV 

(VT20I 

UR 

T1AI6  5 Zr2  Mol  VI 

Ti  7AI  4Mo 

(7-4|. (T  A7DI 

US.FR, GY.UR 

Ti-AI 7 Mo4 

T,7Ai  1 5(Fe*Cr*S.*Bl 

(AT81 

UR 

Ti  Al?  (Fe*C.*Si*B)1  5 

T;  8AI  IMo-IV 

(8  1 1 l.(T  A8DV) 

US.FR.GY 

T1AI8M0I  VI 

T 1 4SCf  j 

US 

7.  Cb  NWS 

T,  2C<i 

(T  U2|.(3  7(241 

US.FR.GY 

Ti-Cu2 

Ti  2 5Cu 

(IMI  2301, (T  U2) 

UK.FR 

Ti  Cu?  5 

r,  3C.  3Mn  3Fe 

(IMP  6 1) 

UR 

Ti  Cr3  Mn3  Fe3 

Ti  8Mn 

(8Mnl 

US 

Ti  Mn8 

T,  0 3Mo-0  BN. 

TiMo0  3Ni0  8 

Ti  2 5Z 1 1 6M0 

(AT2) 

UR 

Ti-Zr2  5 Mol  5 

Ti  4 5Sn  6Z'  11  5Mo 

(Beta  1111 

US.FR 

Ti  Sn4  5Zi6Mo  11  5 

Ti  - 1 5Mo 

(IMI  2051 

UK 

T.Mo15 

T,  32M 0 

(42011 

UR 

T 1 Mo32 

Ti  32Mo  1 5N6 

(42031 

UR 

T 1 Mo32  Cb'Nbl  5 

T-1  to  2Ni 

US 

T,  Nil  to  ? 

T O 15  to  0 25Pd 

(Pd  Alloy  1 

US 

Ti  PdO  15  to  0 75 

Ti0  15  to  0 30Pil 

142001 

UR 

Ti  PdO  16  to  0 30 

T,  5Ta 

142041 

UR 

T,  Ta5 

T-0  15  10  0?OPd 

(Pd  Alloy) 

US.UKFR, GY.UR 

Ti  PdO  15  to  0 20 

TABLE  IB.  PHYSICAL  PROPERTIES  OF  US  AND  NON-US  TITANIUM  ALLOY  SYSTEMS  BY  THEIR  NOMINAL 
CHEMICAL  COMPOSITION  (Alphanumerical  by  Computerized  Format) 


TABLE  IB.  (Continued) 


2 8 2 

CD  CD  CD 


n co  o 

3 co  o> 
O CD 


r 5 c- 

& -a  o -s  w 

2 £ x 5 R 

£ a * n 


*-  4D  CO  fNJ 

m w ui  ih 


i-  f r a o 


**  <T  © 

CD  CD  O 


CM  p — ^ 

G)  Gi  G Gi 


o ip  a> 

o o c 

1X3  rx 


8 § § 
NT  <T  tO 
■»’  •>'  «■' 


a o o o 

O IJ  » in 
>T  l*  to  to 

«t  *»  T t' 


* ? ? ■? 

3 3 tj  3 


? ! ? ? ’ 


£ £ p tr 

tr  x 9 $ 
is  a t 2 


x tr  a 

co  to  to 
CO  to  to 
3 3 3 


> > tv  _ ^ _ 

_ ” — t\  (N  s X 

= s g 2 r I r 


li- 
as i 


9 9 o 

3 2 „ 5 
* « ||  S 

•?  -S  ? S * I & 

S 5 5 5 > > 


^ to  6 

ft  tN  „ tN 

X 0*  z N 
u-  to  0 ^ 
a m in  t/i 


o *5  A 

to  N O 


atn” 
X 10  C3 
U.  7 lA 
t^l  N 
— tN  — 

C lS  N 


It.  N V 

N ri  M 
o ^ tS 


CO 

> 

0 

CM 

O 

0 

Q 

in 

o 

CM 

CM 

CM 

in 

in 

o 

5 

o 

S 

O 

CM 

CM 

CM 

b 

in 

.0 

<3 

> 

co 

00 

CO 

CO 

fSJ 

* 

> 

i 

> 

> 

> 

5 

S 

*T 

in 

in 

b 

in 

in 

m 

in 

in 

uS 

in 

in 

in 

CD 

CD 

CD 

ID 

(D 

CD 

b 

«D 

W 

to 

b 

CD 

< 

<r 

< 

< 

< 

< 

< 

< 

< 

< 

<t 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

»- 

K 

t— 

H* 

K 

►— 

►- 

»- 

t- 

»- 

i- 

i- 

h- 

h- 

H- 

t— 

t— 

t- 

63 


Typical  Physical  Properties 
Thermal  Expansion 


TABLE  1C.  MECHANICAL  PROPERTIES  OF  US  AND  NON-US  TITANIUM  ALLOY  SYSTEMS  BY  THEIR  NOMINAL 
CHEMICAL  COMPOSITION  {Alphanumerical  by  Computerized  Format) 
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Ti-AI6-MoVSn2Zr1.5Si0.1Bi0.35  (Ti-lll  near-a  Bar  ,1  Ann  1,000  145  940  136  15  110.000  16.0 

T1-AI6-M0I-Z/  H-SiO.15  (USSR)IVTIB)  near-a 

T.  Al6-Mo2  02-Fe1  S.0  2 (USSRMVT3-1)  a Hi  Forg.ng  Ann  1,050  152  950  138  t3 

T,  AI6  Mo2  Sn2  Zr2  Cr2  S.0.2  [62  2 2 21  a Hi  Plate  Sta  1.205  175  1,070  155  12  120,600  17.5 

Ti  A16-Mo2  Sn2-Zr4  [6-2  4 21  a Hi  Bar  Ann  895  130  825  120  10  114,000  16.5 


Typical  Mechanical  Properties  

Ultimate  Tensile  Tensile  Yield  Modulus  of 

Nominal  Composition  Wt  % Common  Alloy  Product  Heat  Treated  Strength  Strength  Elongation  Elasticity 
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TABLE  ID.  (Continued) 
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TABLE  10.  (Continued) 
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TABLE  ID.  (Continued) 
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TABLE  IE.  TYPICAL  TITANIUM  ALLOY  DESIGNATIONS  FOR  US  TITANIUM  ALLOYS  OF 
COMMERCIAL  INTEREST  (Arranged  by  Alloy  Type)<57> 


Nominal  Composition  Wt  % 

Alloy 

Type 

Common 

NameCA) 

Ctry 

Code 

Ti-unalloyed-99.5{  * B} 

a 

(CP) 

US 

Ti-unalloyed-99.2(*B) 

a 

(CP) 

US 

Ti-unalloyed-99.0CB) 

a 

(CP) 

US 

Ti-PdO.  15-0.20 

a 

(Pd  alloy) 

US 

Ti-AI5-Sn2.5CC) 

a 

(A- 110) 

US 

Ti-Ni  1— 2<  *D) 

a dispers. 

US 

Ti-Cu2 

a dispers. 

(IM 1-230) 

US 

Ti-AI2.5-Mo1-Sn  11-Zr5-Si0.2 

near-a 

(679) 

US 

Ti-AI5-Mo1-Sn6-Zr2-Si0.25(*E) 

near-a 

(562  IS) 

US 

Ti-AI6-Mo1-Sn2-Zr1. 5-BiO. 35-Si0.1 

near-a 

(Ti-1 1) 

US 

Ti-AI6-Mo0.8-Cb/Nb2-T  a 1 

near-a 

(6-2-1 -1 ) 

US 

Ti-AI8-V1-Mo1 

near-a 

(8-1-1 ) 

US 

Ti-Mn8 

a+ff 

(8Mn) 

US 

Ti-AI3-V2.5 

a+0 

(3-2.5) 

US 

Ti-AI4-V1Mo3 

a+0 

(4-3-1) 

us 

Ti-AI5-Mo4-Sn2-Zr2-Cr4 

a-tfJ 

(Ti-17) 

US 

Ti-AI6-V4(*C) 

a+0 

(6-4) 

US 

Ti-AI6-V6-Sn2 

a+0 

(6-6-2) 

US 

Ti-AI6-Mo2-Sn2-Zr4('F) 

a+0 

(6-2-4-2) 

US 

Ti-AI6-M06-Sn2-Zr4 

a-*# 

(6-2-4-6J 

US 

Ti-AI6  Mo2-Sn2-Zr2-Cr2-Si0.2 

a+0 

(6-2-2-2-2) 

US 

Ti-AI7-Mo4 

a+0 

(7-4) 

US 

Ti-AI1-V8-Fe5 

near-0 

(185) 

US 

Ti-Al2-V  1 1-Sn2-Zr  11 

P 

(Transage  129) 

US 

Ti-AI3-V8-Mo4-Zr4-Cr6 

P 

(beta  C) 

US 

Ti-Mo  11.5-Sn4.5-Zr6 

P 

(beta  HI) 

US 

Ti-AI3-V8-Mo8-Fe2 

P 

(8-8-2-3) 

US 

Ti-AI3-V  13-Cr  11 

P 

(13-11-3) 

US 

(*A)  Producer  nomenclature  varies  since  some  companies  use  a code  for  designating  products  while  others  use 
logical  symbols  such  as  the  company  name  followed  by  the  composition  in  alphanumeric  form.  See 
Table  1E.1  for  guidance. 

CB)  Several  grades  of  unalloyed  titanium  are  produced  which  differ  in  impurity  level,  hence  strength  and  ductility. 

(*C)  High-purity  grades  of  these  alloys  are  available  and  are  designated  with  the  suffix  ELI,  meaning  extra  low 
interstitials. 

CD)  A new  titanium  alloy  containing  nickel,  Ti-0.3Mo-0.8Ni,  intended  to  be  substituted  for  Ti-0.2Pd  alloy  in 
selected  applications,  was  announced  in  October  1974. 

CE)  A modification  of  this  alloy,  Ti-5AI-5Sn-2Zr-2Mo-0.25Si,  may  become  commercial. 

CF)  A silicon-containing  grade  of  6-2-4-2  is  also  available. 
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TABLE  1E.1.  CORRELATION  OF  TYPICAL  US  TITANIUM  ALLOY  DESIGNATIONS  BY  US  PRODUCING  COMPANIES*57* 
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Nomenclature  note:  The  company  name  may  precede  the  alloy  composition  (OR),  the  company  name  (Symbol)  may  precei 


A)  Crucible,  Inc.,  subsidiary  of  Colt  Industries. 

B)  Martin  Marietta  Aluminum,  Titanium  Division. 


TABLE  IE. 2.  TYPICAL  TITANIUM  ALLOY  DESIGNATIONS  AND  COMPOSITIONS  OF  MATERIALS 
DESCRIBED  IN  AMERICAN  WELDING  SOCIETY  SPECIFICATION  AWS  A5.16-70 
FOR  TITANIUM  AND  TITANIUM  ALLOY  BARE  WELDING  RODS  AND  ELECTRODES*45*57* 


Nominal  Composition, 
Wt  % 

AWS 

Classification 

C 

Interstitial  and  Iron  Contents, 
Weight  Percent!  *A) 

O H N 

Fe 

Ti-unalloyed(*B) 

ERTI-1 

0.03 

0.10 

0.005 

0.012 

0.10 

Ti-unalloyed 

ERTI-2 

0.05 

0.10 

0.008 

0.020 

0.20 

Ti-unalloyed 

ERTI-3 

0.05 

0.10-0.15 

0.008 

0.020 

0.20 

Ti-unalloyed 

ERTI-4 

0.05 

0.15-0.25 

0.008 

0.020 

0.30 

Ti-PdO.  15-0.25 

ERTI*0.2Pd 

0.05 

0.15 

0.008 

0.020 

0.25 

Ti-Al3-V2.5 

ERTI-3AI-2.5V 

0.05 

0.12 

0.008 

0.020 

0.25 

Ti-AI3-V2.5(*B) 

ERTI-3AI-2.5V-1 

0.04 

0.10 

0.005 

0.012 

0.25 

Ti-AI5-Sn2.5 

ERTI-5AI-2.5Sn 

0.05 

0.12 

0.008 

0.030 

0.40 

Ti-AI5-Sn2.5fB) 

ERTI-5AI-2.5Sn-1 

0.04 

0.10 

0.005 

0.012 

0.25 

Ti-AI6-Mo0.8-Cb/Nb2-Ta1 

ERTI-6AI-2Cb-1Ta-1Mo 

0.04 

0.10 

0.005 

0.012 

0.15 

Ti-AI6-V4 

ERTI-6AI-4V 

0.05 

0.15 

0.008 

0.020 

0.25 

Ti-AI6-V4(*B) 

ERTI-6AI-4V-1 

0.04 

0.10 

0.005 

0.012 

0.15 

Ti-AI8-V1-Mo1.8 

ERTI-8AI-IM0-IV 

0.05 

0.12 

0.008 

0.03 

0.25 

Ti-AI3-V  13-Cr  11 

ERTI-13V-1 1Cr-3AI 

0.05 

0.12 

0.008 

0.03 

0.25 

i*A;  Analyses  to  meet  interstitial  content  requirements  are  made  after  the  welding  rod  or  electrode  is  reduced  to 
the  final  diameter.  Single  values  are  maximum  values  allowed. 

( * B)  Very  high  purity  compositions. 
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TABLE  IF.  TYPICAL  TITANIUM  ALLOY  DESIGNATIONS  FOR  NON-US  TITANIUM  ALLOYS  OF 
COMMERCIAL  INTEREST 

TABLE  IF. 2.  TYPICAL  TITANIUM  ALLOYS  OFFERED  BY  FRANCE 
(Arranged  by  National  Titanium  Alloy  Designations,  the  Pechiney-Ugine-Kuhlman  (PUG)  Alloy  Numbers, 
AIR  Standard  Numbers  and  AECMA  Standard  Numbers)^.  1 1,18,21,57) 


Alloy  Alloy  Common 

Nominal  Composition  Wt  % Type  Designation Name/Alloy 


Typical  Product('A)  Ctry 

Forms  Code 


AECMA 


Ti-una!loyed-99.8,CP,-  ksi  YS 

a 

Ti  P.01 

IMI-1 15,CP 

All  forms 

EU 

Ti-unalloyed-99,7,CP,-  ksi  YS 

a 

Ti  P.02 

IMI-125,CP 

All  forms 

EU 

Ti-unalloyed-99.5,CP,-40  ksi  YS 

a 

Ti  P.04 

IMI-155.CP 

All  forms 

EU 

Ti-unalloyed-99.  ,CP,-  ksi  YS 

a 

Ti  P.05 

IMM30.CP 

All  forms 

EU 

Ti-Cu2 

a dispers. 

Ti  P.11 

(IM 1-230) 

BA,SH,P,FG,W 

EU 

Ti-AI4-Mn4 

a+0 

Ti  P.62 

(IM 1-3 14) 

EU 

Ti-AI6-V4 

a+0 

Ti  P.63 

(1MI-318) 

EU 

Ti-AI6-V6-Sn2 

a+0 

Ti  P.64 

(6-6-2) 

EU 

Ti-AI5-Sn2.5 

a 

Ti  P.65 

(1MI  317) 

EU 

Ti-AI8-V1-Mo1 

near-a 

Ti  P.66 

(8-1-1) 

EU 

Ti-AI6-Mo0.5-Zr5-Si0.2 

a+0 

Ti  P.67 

(IMI-685) 

EU 

Ti-AI4-Mo4-Sn2-Si0.5 

a+0 

Ti  P.68 

(IMI-550) 

EU 

AIR  Norms 

Ti-unalloyed-99.  ,CP,-35  ksi  YS 

a 

9l82;T-35 

(IMI-1 15) 

All  forms 

FR 

Ti-unalloyed-99.5,CP,-40  ksi  YS 

a 

9182.T-40 

(IMI-1 25) 

All  forms 

FR 

Ti-unalloyed-99.  ,CP,-50  ksi  YS 

a 

9l82;T-50 

(IMI-1 30) 

All  forms 

FR 

Ti-unalloyed-99.  ,CP,-60  ksi  YS 

a 

9182;T-60 

(IMI-160) 

All  forms 

FR 

Ti-AI4-Mn4 

a+0 

9183;T-A4M 

(IM  1-3 1 4) 

FR 

Ti-AI6-V4 

a+-0 

9183;T-A6V 

(IMI-318) 

FR 

Ti-AI4-Mn4 

a+0 

9184;T-A4M 

(IMI-314) 

FR 

Ti-AI6-V4 

a+0 

9184;T-A6V 

(IMI-318) 

FR 

Ti-Pd0.15--0.20 

a 

T-35-02 

(IMI-260) 

BA,SH,P,FG,W 

FR 

Ti-Cu2.5 

a dispers. 

T-U2 

(IM  1-230) 

BA,SH,P,FG,W 

FR 

Ti-Cu2.5 

a dispers. 

T-C 

( IM  1-230) 

BA,SH,P,FG,W 

FR 

Ti-AI3-V2.5 

a+0 

T-A3V 

(3-2.5) 

BA,SH,P,FG 

FR 

Ti-AI3-V2.5 

a+0 

T-3V2.5 

(3-2.5) 

BA,SH,P,FG 

FR 

Ti-AI3-V8-Mo4-Zr4-Cr6 

0 

T-D8C6DZRA 

(beta  C) 

FR 

Ti-AI3-V  13-Cr  11 

0 

T-V13CA 

(13-11-3) 

FR 

Ti-AI4-Vl-Mo3 

a+0 

T-A4D3V 

(4-3-1) 

FR 

Ti-AI4-Mo4-Sn2-Si0.5 

a+0 

T-A4DE 

(IMI-550) 

FR 

Ti-Al5-Sn2.5 

a 

T-A5E 

(A- 110) 

BA,SH,P,FG 

FR 

Ti-AI5-Mo4-Sn2-Zr2-Cr4 

a+0 

Ti- 1 7 

(Ti- 17) 

FR 

Ti-AI6-V4 

a+0 

T-A6V 

(6-4) 

BA,SH,P,FG 

FR 

Ti-AI6-V4-Co3 

a+0 

T-A6V4K3 

(6-4-3) 

FR 

Ti-AI6-V6-Sn2 

a+0 

T-A6V6E2 

(66-2) 

BA.SH.P.FG 

FR 
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TABLE  1F.2.  {Continued) 


Nominal  Composition  Wt  % 

Alloy 

Type 

Alloy 

Designation 

Common 

Name/Alloy 

Typical  Product(*A) 
Forms 

Ctry 

Code 

Ti-AI6-V6-Sn2-Cu0.5-Fe0.5 

a+P 

T-A6V6E2 

(6-6-2) 

BA,SH,P,FG 

FR 

Ti-AI6-V6-Sn2-Zr6-Cu0.5-Fe0.5 

a+P 

T-A6V6E2Zr 

(6-6-2  )+Zr 

BA.SH.P.FG 

FR 

Ti-AI6-Mo6-Sn2-Zr4 

a+P 

Ti-6246 

(6-2-46) 

BA,SH,P,FG 

FR 

Ti-AI6-Mo0.5-Zr5-Si0.2 

a+P 

T-A6Zr5D 

FR 

Ti-AI6-Mo2-Sn2-Zr4 

a+P 

T-A6Zr4DE 

(6-2-4  2) 

BA,FG 

FR 

Ti-AI6-Mo0.5-Zr5-Si0.2 

a+P 

T-A6ZD 

FR 

Ti*Al6-Zr5-W1-Si0.2 

a+P 

T-A6AZ5W 

FR 

Ti-AI7-Mo4 

a+p 

T-A7D 

(7-4) 

8A.FG 

FR 

Ti-Al8-V1-Mo1 

near-a 

T-A8DV 

(8-1-1) 

BA.FG 

FR 

PUG 

Ti-unalloyed-99.  .CP.-35  ksi  YS 

a 

UT35 

BA,SH,P,FG,W 

FR 

Ti-unalloyed-99.  ,CP,-40  ksi  YS 

a 

UT40 

ba,sh,p,fg,w 

FR 

Ti-unalloyed-99.  ,CP,-  ksi  YS 

a 

UT60 

(CP) 

BA,SH,P,FG,W 

FR 

Ti-PdO.  15-0.20 

a 

UT35-02 

(RD  alloy) 

BA,SiLP,FG,W 

FR 

Ti-Cu2.5 

a dispers. 

UTC 

(IM 1-230) 

BA,SH,P,CG,W 

FR 

Ti-AI5-Sn2.5 

a 

UTA5E 

(A-110) 

BA,SH,P,FG 

FR 

Ti-Al6-Mo0.5-Zr5-Si0.25 

a+P 

UT685 

(IM  1-685) 

BA.FG 

FR 

Ti-AI8-V1-Mo1 

a 

UTA8DV 

(8-1-1) 

BA.FG 

FR 

Ti-AI6-Mo2-Sn2-Zr4 

a+P 

UT6242 

(6-2-4-2) 

BA.FG 

FR 

Ti-AI3-V2.5 

a+p 

UTA3V 

(3-2.5) 

BA.SH.P.FG 

FR 

Ti-AI6-V4 

a+P 

UTA6V 

(6-4) 

BA,SH,P,FG 

FR 

Ti-AI6-V6-Sn2 

a+P 

UT662 

(6-6-2) 

BA,SH,P,FG 

FR 

Ti-AI7-Mo7 

a+P 

UTA7D 

(7-4) 

BA.FG 

FR 

Ti-AI6-Mo1-Sn2-Zr5-Si0.25 

UT651A 

develop. 

BA.FG 

FR 

H-Mo  11.5-Sn4.5Zr6 

P 

TD12ZRE 

develop. 

BA.FG 

FR 

Ti-unalloyed-99.  ,CP,-50  ksi  YS 

a 

UT50 

(CP) 

BA.SH.P.FG.W 

FR 

Ti-AI5-Sn2.5 

a 

UTA5E"L” 

(A-1 10)"L" 

BA.SH.P.FG 

FR 

Ti-unalloyed-99.  ,CP,-40  ksi  YS 

a 

UT40R 

(CP) 

wire/rivets,  aerospace 

FR 

Ti-AI6-V6-Sn2-Zr6 

a+p 

UTA6V6E2Zr 

develop. 

FR 

Note: 

AECMA=Association  Europeene  Constructeur  de  Material  Aerospatial 
(Association  of  European  Airframe  Manufactures,  Paris,  France) 

AIR=De$  Reglements  AIR  (Regulations  AIR),  Paris,  France 
PUG=Pechiney-Ugine-Kuhtman  (Group),  Paris,  France 

Forms  available:  BA=BAR,  SH=SHEET,  P=PLATE,  FG=FORGlNG,  W=WIRE 
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TABLE  IF.  TYPICAL  TITANIUM  ALLOY  DESIGNATIONS  FOR  NON-US  TITANIUM  ALLOYS  OF 
COM  v&RCIAL  INTEREST 

TABLE  IF. 3.  TYPICAL  TITANIUM  ALLOYS  OFFERED  BY  WEST  GERMANY 
(Arranged  by  Krupp  Contimet,  Fuchs,  and  Vereinigte  Deutsche  Metallwerke  AG  Alloy  Numbers  and  by 
LW,  DIN  and  VdTuV  Numbers){7'18'2,’25’26) 


Nominal  Composition  Wt  % 

Alloy 

Type 

Alloy 

Designation 

Common 

Name/Alloy 

Typical  Product('A) 
Forms 

Ctry 

Code 

Ti-unalloyed-99.6,CP,-25  ksi  YS 

a 

LW(*B) 

LN  or  BW5 
WERKSTOFF 

LW  3.7024 

CP,  gr.  1 

AH  forms 

GY 

Ti-unaUoyed-99.5,CP,-40  ksi  YS 

a 

LW  3.7034 

CP,  gr.  2 

All  forms 

GY 

Ti-unalloyed-99.0,CP,-70  ksi  YS 

a 

LW  3.7064 

CP,  gr.  4 

All  forms 

GY 

Ti-A!5-Sn2.5 

a 

LW  3.7114 

(A-110) 

GY 

Ti-Cu2 

a 

LW  3.7124 

( IM 1-230) 

BA,SH,ST,P,W,FG,T 

GY 

Ti-AI8-V1-Mo1 

near-a 

LW  3.7134 

(8-1-1) 

BA,SH.ST,P,W,FG,T,E 

GY 

Ti-AI6-Mo2-Sn2-Zr4 

a+f 3 

LW  3.7144 

(6-2-4-2) 

BA,SH,ST,P,W,FG,T,E 

GY 

Ti-A16-Mo0.5-Zr5-Si0.25 

a+P 

LW  3.7154 

(IMI-685) 

GY 

Ti-AI6-V4 

a+P 

LW  3.7164 

(6-4) 

BA,SH,ST,P,W,FG,T,E 

GY 

Ti-AI6-V6-Sn2 

a+0 

LW  3.7174 

(6-6-2) 

BA,SH,ST,P,W,FG,T,E 

GY 

Ti-AI4-Mo4-Sn2-Si0.5 

a+p 

LW  3.7184 

(IMI-550) 

BA,SH,ST,P,FG 

GY 

Ti-unalloyed-99.6,CP,-25  ksi  YS 

a 

DIN(*D) 

WERKSTOFF 

DIN  3.7025 

CP.IMI-1 15 

All  forms 

GY 

Ti-PdO.  15-0.25 

a 

DIN  3.7030 

(Pd  alloy) 

All  forms 

GY 

Ti-una1loyed-99.5,CP,-40  ksi  YS 

a 

DIN  3.7035 

CP.IMI-125 

All  forms 

GY 

Ti-PdO.  15-0.25 

a 

DIN  3.7040 

(Pd  alloy) 

All  forms 

GY 

Ti-unalloyed-99.2,CP,-55  ksi  YS 

a 

DIN  3.7055 

CP.IM1-130 

All  forms 

GY 

Ti-PdO.  15 -0.25 

a 

DIN  3.7056 

(Pd  alloy) 

All  forms 

GY 

Ti-unalloyed-99.0,CP,-70  ksi  YS 

a 

DIN  3.7065 

CP.IMl-155 

All  forms 

GY 

Ti-PdO.  15 -0.25 

a 

DJN  3.7070 

(Pd  alloy) 

All  forms 

GY 

Ti-AI5-Sn2.5 

a 

DIN  3.7115 

(A-110) 

All  forms 

GY 

Ti-AI6-V4 

a+/3 

DIN  3.7165 

(6-4) 

All  forms 

GY 

Ti-unalloyed-99.6,CP,-25  ksi  YS 

a 

VdTuVCE) 

230-1-68 

WERKSTOFF 

Grade  1 

ASTM-gr.  1 

All  forms 

GY 

Ti-unalloyed-9S.5.CP,-40  ksi  YS 

a 

Grade  If 

ASTM-gr.  2 

All  forms 

GY 

Ti-unalloyed-99.2,CP,-b5  ksi  YS 

a 

Grade  III 

ASTM-gr.  3 

All  forms 

GY 

Ti-unafloyed-99.0,CP,-70  ksi  YS 

a 

Grade  IV 

ASTM-gr.  4 

All  forms 

GY 
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TABLE  IF. 3.  (Continued) 


1 

■] 

! I 


Nominal  Composition  Wt  % 

Alloy 

Designation 

Common 

Name/Alloy 

Typical  Product(*A) 
Forms 

Ctry 

Code 

s 

Ti-unalloyed-99.+,CP 

a 

DIN(*C) 

Form 

Standards 

DIN  17850 

CP,a!l  gr. 

All  forms 

GY 

1 

Ti-AI  6-V4 

a +/3 

DIN  17851 

(6-4) 

SH.ST 

GY 

Ti-AI5-Sn2.5 

a 

DIN  17851 

(A-1 10) 

SH.ST.P 

GY 

Ti-unalloyed-99.+,CP 

a 

DIN  17860 

CP, all  gr. 

SH.ST  annealed 

GY 

Ti-unalloyed-99.+,CP 

a 

DIN  17862 

CP, all  gr. 

BA  annealed 

GY 

Ti-unalloyed-99.+,CP 

a 

DIN  17863 

CP,all  gr. 

W annealed 

GY 

Ti-unalloyed-99.+,CP 

a 

DIN  17864 

CP, all  gr. 

FG  annealed 

GY 

Ti-unalloyed-99.6,CP,-25  ksi  YS 

a 

Krupp(*F) 

Tikrutan 

Brand 

RT12 

CP,  gr.  1 

All  forms 

GY 

; 

Ti-PdO.1 5-0.25 

a 

RT12  Pd 

(Pd  alloy) 

All  forms 

GY 

Ti-unal!oyed-99.5,CP,-40  ksi  YS 

a 

RT15 

CP,  gr.  2 

All  forms 

GY 

Ti-PdO.  15-0.25 

a 

RT15  Pd 

(Pd  alloy) 

All  forms 

GY 

Ti-un«:lloyed-99.2,CP,-55  ksi  YS 

a 

RT18 

CP,  gr.  3 

All  forms 

GY 

Ti-PdO.1 5 0.25 

a 

RT18  Pd 

(Pd  alloy) 

All  forms 

GY 

Ti-unalloyed-99.0,CP,-70  ksi  YS 

a 

RT20 

CP,  gi . 4 

All  forms 

GY 

Ti-PdO.1 5-0.25 

a 

RT20  Pd 

(Pd  alloy) 

All  forms 

GY 

■ 

Ti-AI5-Sn2.5 

a 

LT21 

(A-1 1C) 

All  forms 

GY 

J 

Ti-AI8-V1-Mo1 

near-a 

LT22 

(8-1-1) 

All  forms 

GY 

Ti-AI5-Sn5-Zr5 

a 

LT23 

All  forms 

GY 

Ti-AI6-Mo2-Sn2-Zr4 

a+l 3 

LT24 

(6-2-4-2) 

All  forms 

GY 

Ti-Cu2 

a dispers. 

LT25 

(IM 1-230) 

All  forms 

GY 

Ti-AI6-Mo0.8-Zr5-Si0.3 

a+(i 

LT26 

(IM  J -685) 

All  forms 

GY 

Ti-AI6-V4 

a+l 3 

LT31 

(6-4) 

All  forms 

GY 

Ti-AI7-Mo4 

a+P 

LT32 

(7-4) 

All  forms 

GY 

Ti-AI6-V6-Sn2 

a+P 

LT33 

(6-6-2) 

All  forms 

GY 

Ti-AI4-Mo4-Sn2-Si0.5 

a+P 

LT34 

(IM  1-550) 

All  forms 

GY 

Ti-AI3-V  13  Cr  11 

P 

LT41 

(13-11-3) 

All  forms 

GY 

Ti-unalloyed-99.6,CP,-25  ksi  YS 

a 

Thyssen{*G) 

Contimet 

Brand 

30 

CP,  gr.  1 

All  forms 

GY 

Ti-unalloyed-99.5,CP,-40  ksi  YS 

a 

35 

CP,  gr.  2 

All  forms 

GY 

Ti-unalloyed-99.2,CP,-55  ksi  YS 

a 

35  D 

CP,  gr.  3 

All  forms 

GY 

Ti-unafloyed-99.0,CP,-70  ksi  YS 

a 

55 

CP,  gr.  4 

All  forms 

GY 

TABLE  IF. 3.  (Continued) 


Nominal  Composition  Wt  % 

Alloy 

Type 

Alloy 

Designation 

Common 
Name/ Alloy 

Typical  Product('A) 
Forms 

Ctry 

Code 

Ti-Pd-0.1 5-0.25 

a 

Pd  02/30 

(Pd  alloy) 

Af  1 forms 

GY 

Ti-PdO.  15-0.25 

a 

Pd  02/35 

(Pd  alloy) 

All  forms 

GY 

Ti-Pd-0.1 5 -0.25 

a 

Pd  02/350 

(Pd  alloy) 

All  forms 

GY 

Ti-Al5-Sn2.5 

a 

AlSn  52 

(A-110) 

All  forms 

GY 

Ti-AI 5-Sn2.5  ELI 

a 

AlSn  52  ELI 

(A-IIO)ELI 

All  forms 

GY 

Ti-Cu2 

a dispers. 

Cu  2 

< IM 1-230) 

All  forms 

GY 

Ti-AI6-V4 

a+p 

AIV  64 

(6-4) 

All  forms 

GY 

Ti-AI6-V4  ELI 

a+0 

AIV  64  ELI 

(6-4)ELI 

All  forms 

GY 

Ti-AI  8-VI-Mol 

near-a 

AlMoV  8-1-1 

(8-1-1) 

All  forms 

GY 

Ti-AI6-Mo0.5-Zr5 

a+)3 

685 

(IMI-685) 

All  forms 

GY 

Ti-AI6-Mo2-Sn2-Zr4 

a+(J 

AlSnZ  rMo  6-2-4  2 

(6-2  -4-2) 

All  forms 

GY 

Ti-AI6-V2-Sn2 

a+(3 

AIVSn  6-6-2 

(6-6-2) 

All  forms 

GY 

Ti-AI4-Mo4-Sn2 

a+|3 

AIMoSn  442 

(4-4-2) 

All  forms 

GY 

Otto  Fuchs(*H) 

Brand 

Ti-unalloyed-99.6,CP,-25  ksi  YS 

a 

T2 

CP,  gr.  1 

Forgings 

GY 

Ti-una!loyed-99.5,CP,-40  ksi  YS 

a 

T3 

CP,  gr.  2 

Forgings 

GY 

Ti-unalloyed-99.2,CP,-55  ksi  YS 

a 

T6 

CP,  gr.  3 

Forgings 

GY 

Ti-AI4-Mo4-Sn2 

a+0 

Ta44 

Forgings 

GY 

Ti-AI5-Sn2.5 

a 

Ta52 

(A-110) 

Forgings 

GY 

Ti-AI6-V4 

a+/3 

Ta64 

(6-4) 

Forgings 

GY 

Ti-AI6-V6-Sn2 

a+/3 

Ta66 

(6-6-2) 

Forgings 

GY 

Ti-AI7-Mo4 

a+l 1 

Ta74 

(7-4) 

Forgings 

GY 

Ti-Cu2 

a 

TC2 

( IM  1-230) 

Forgings 

GY 

Ti-PdO.  15-0.20 

a dispers. 

TP02 

(Pd  alloy) 

Forgings 

GY 

Vereinigte('l) 

Metallwerke  AG 

Brand 

Ti-unalloyed-99.6,CP,-25  ksi  YS 

a 

Ti995 

(CP) 

Forgings 

GY 

Ti-unalloyed-99.4,CP,-40  ksi  YS 

a 

Ti994 

(CP) 

Forgings 

GY 

Ti-unalloyed-99.3,CP,-55  ksi  YS 

a 

Ti993 

(CP) 

Forgings 

GY 

Ti-unafloyed-99.2,CP,-  ksi  YS 

a 

Ti992 

(CP) 

Forgings 

GY 

CA)  B=BAR,  SH=SH£ET,  ST=STRIP  P=PLATE,  W“WIR£,  FG=FORGINGS,  T=TUBE,  E'EXTRUSION. 

f'B)  LW=Luftfahrt  Werkstoff  Number,  also  referred  to  as  Aircraft  Material  and  Aircraft  industry.  The  British  list  these  alloys 
as  BWB  Numbers  (Bundesamt  fur  Wehrtechnik)  und  Beschaffung  (BWB),  Koblenz,  West  Germany. 

(*C)  OIN=Deutsche  Normen  (German  Standards)  (General  form  and  composition  specifications). 

(* 0)  DIN=Deutsche  Norman  Werkstoffe  Numbers.  These  materials  or  alloys  numbers  are  subdivisions  of  the  general  DIN 
specifications  for  wrought  titanium  alloys,  and  are  issued  by  Deutscher  Normenausschuss,  Berlin/Koln,  West  Germany. 

The  DIN  Werkstoff  Numbers  3.7030,  3.7040,  3.7056,  and  3.7070  are  proposed  specifications. 

(*E)  VdTuV^Vereingigung  der  Technischen  Uberwachungsverein  Ev  (German  Association  for  Technical  Supervision!,  Essen, 

West  Germany. 
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TABLE  1F.3.  (Continued) 


<*F) 

(*G) 

(*H) 

Cl) 


Fried,  Krupp  Gmbh,  Krupp  Metall-und  Schmiedewerke,  Essen,  West  Germany. 
Thyssen  Edelstahlwerk  AG,  Titanium  Division,  Krefeld,  West  Germany. 

Otto  Fuchs  Metallwerke,  Meinerzhagen,  West  Germany. 

Vereinigte  Deutsche  Metallwerke  AG. 


i 
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TABLE  IF.  TYPICAL  TITANIUM  ALLOY  DESIGNATIONS  FOR  NON-US  TITANIUM  ALLOYS  OF 
COMMERCIAL  INTEREST 

TABLE  1 F.4.  TYPICAL  TITANIUM  ALLOYS  OFFERED  IN  THE  TECHSNABEXPORT  BROCHURE  FROM 
THE  SOVIET  UNION  AS  WELL  AS  ALLOYS  SHOWN  IN  THE  1975  BOOK  "USE  OF 
TITANIUM  IN  THE  NATIONAL  ECONOMY"  (Arranged  by  Soviet  Alloy  Designation  Numbers)*50’87’88^ 


Nominal  Composition  Wt  % 

Alloy 

Type 

Alloy 

Designation 

Common 
Name/  Alloy 

Typical  Product(*A) 
Forms 

Ctry 

Code 

Titanium 

a 

VT1-00 

(CP) 

All  forms 

UR 

Unalloyed 

a 

VT1-0 

(CP) 

All  forms 

UR 

Grades('D) 

a 

VT1 

(CP) 

All  forms 

UR 

a 

VT1-1 

(CP) 

All  forms 

UR 

(VT1  and  suffixes) 

a 

VT1L 

(CP) 

Unalloyed  Ti/castings 

UR 

Ti-A!4-Mn1 .5 

a+p 

VT4 

i,bi,ba,sh,t 

UR 

Ti-AI5 

a 

VT5 

l,BI,BA,E 

UR 

Ti-AI5-Si0.5 

a dispers. 

VT5L 

I.C 

UR 

Ti-AI5-Sn2.5 

a 

VT5-1 

(A-110) 

l,BI,BA,P,SH,E,T 

UR 

TJ-AI6-V4 

a+P 

VT6 

(6-4) 

i,bi,ba,sh.e,t 

UR 

TiAI6-V4-Si0.2 

a+p 

VT6L 

l,C 

UR 

Ti-A!4.5-V3.5 

a+p 

VT6S 

l,BI,BA,P,SH,T,C 

UR 

Ti-Al6-Mo2-Cr2-Fe  1 -Si0.2 

a+p 

VT3-1 

l,BI,BA,E,T 

UR 

Ti-AI6-Mo2-Cr2-Fe1-Si0.2 

a+P 

VT3-1L 

I.C 

UR 

Ti-AI6.5-Mo3.5-Si0.25 

a+P 

VT8 

l,BI,BA,E 

UR 

Ti-AI6.5-Mo3.5-Zr (or  Sn)2-Si0.25 

a+P 

VT9 

I.BI.BA 

UR 

Ti-AI6.5-Mo3.5-Zr(or  Sn)2-Si0.25 

a+P 

VT9L 

I.C 

UR 

Ti-AI4-V1-Mo3 

a+P 

VT14 

1,BI,BA,P,SH,E,T 

UR 

Ti-AI4-V1-Mo3*Si0.2 

a+P 

VT14L 

I.C 

UR 

Ti-AI3-Mo7.5-Cr  11 

P 

VT15 

I.BA 

UR 

Ti-AI2.5-V4.5-Mo5 

near-p 

VT16 

I.BA 

UR 

Ti-AI6-Mo1-Zr  11-Si0.15 

near-a 

VT18 

I.8A 

UR 

Ti-AI6.5-V1-Mo1-Zr2 

near-a 

VT20 

I.BI.P.SH.E 

UR 

Ti-A16-V1-Mo0.7-Zr5-Cr0.3-Si0.2 

near-a 

VT21L 

I.C 

UR 

Ti-AI2.5-V5-Mo5-Cr1 .3-Fel 

near-0 

VT22 

I.BA.E 

UR 

Ti-AII-Mnl 

near-a 

OT4-0 

l,BI,BArP,SH,ST,F,E,T 

UR 

Ti-AI2-Mn1 .5 

a+^ 

0T4-1 

l,BI,BA,W,P,SH,ST,E,T 

UR 

Ti-AI3-Mn1.5 

a+j3 

0T4 

l,BI,BArW,P,SH.E,T 

UR 

Ti-AI6-Mn1.5-(Zr)1.5(*F) 

a+P 

0T4-2 

I.BI.BA, SH.T 

UR 

Ti-Mot.5-Zr2.5 

a+P 

AT2 

UR 

Ti-Al3-(Cr,Fe,Si)1.5(#G) 

a+p 

AT  3 

UR 

Ti-AI4.5-(Cr,Fe,Si)1.5(*G) 

a+p 

AT4 

UR 

TiAI6-(Cr,Fe,Si)1.5(*G) 

a+P 

AT6 

UR 

Ti-PdO.  15 -0.20 

a 

4200 

(Pd  alloy) 

UR 

Ti-Mo  32 

P 

4201 

UR 

Ti-Mo  32-Cb/Nb1.5 

P 

4203 

UR 

TABLE  IF. 4.  (Continued) 


Nominal  Composition  Wt  % 

El 

Alloy 

Designation 

Common 

Name/Alloy 

Typical  Product(*A) 
Forms 

Ctry 

Code 

Ti-Ta5 

a 

4204 

UR 

Ti-AI3-V7-Mo3.5-Cr  10 

0 

TS6 

UR 

Ti-AI3-Mo7-Cr5.5-Fe3 

0 

IVT-1 

UR 

{ * A)  Additional  Compositions  are  included  which  are  believed  to  be  commonly  produces. 

(*B)  Modifications  of  the  compositions  listed  are  frequently  reported  with  the  same  designations. 

(*C)  I INGOT,  BI  = BILLET,  8A=BAR  and  ROD,  W-WIRE,  P=PLATE,  SH-SHEET,  ST^STRIP,  F=FOIL, 

E=EXTRUSION,  T=TUB1NG,  and  C=CASTINGS.  Additionally,  the  brochure  lists  specific  forging  forms, 
e.g.  blades,  rings,  and  discs,  and  extruded  forms  for  some  alloys. 

(*D)  VT1-1 1=highest  purity  grade. 

(*E)  VT1L,  unalloyed  Ti  castings  grade  contains  Si0.2. 

{* F)  OT4-2  is  listed  with  and  without  Zr. 

(*G)  Typically  Cr0.7-Fe0.7-Si0.1-B0.005 
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TABLE  IF.  TYPICAL  TITANIUM  ALLOY  DESIGNATION  FOR  NON-US  TITANIUM  ALLOYS  OF 
COMMERCIAL  INTEREST 

TABLE  IF. 5.  TYPICAL  TITANIUM  ALLOYS  OFFERED  IN  CZECHOSLOVAKIA 
(Arranged  by  CSN  Standard  Numbers)^) 


Alloy 

Alloy 

Common 

Typical  Product('A) 

Ctry 

Nominal  Composition  Wt  % 

Type 

Designation 

Name/Alloy 

Forms 

Code 

Ti-unalloyed-99.5,CP,-40  ksi  YS 

a 

CSN  42  4655 

(CP) 

All  forms 

CZ 

Ti-unalloyed-99.5,CP,-40  ksi  YS 

a 

CSN  42  4656 

(CP) 

Ti  ingots 

CZ 

Note: 

The  other  Czechoslovakian  Standards  for  titanium  do  not  relate  to  composition,  but  pertain  to  various 
titanium  products  as  follows: 

CSN  42  1490  - Titanium  sheets,  bands  and  strips 

CSN  42  1491  - Titanium  wires 

CSN  42  1492  - Titanium  bars 

CSN  42  1493  - Titanium  seamless  tubing 

CSN  42  1496  - Titanium  ingots. 

( * A)  BI=BILLETS,  BA=BAR,  P=PLATE,  SH=SHEET,  ST=STRIP. 
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TABLE  IF.  TYPICAL  TITANIUM  ALLOY  DESIGNATIONS  FOR  NON-US  TITANIUM  ALLOYS  OF 
COMMERCIAL  INTEREST 


TABLE  IF. 6.  TYPICAL  TITANIUM  ALLOYS  OFFERED  BY  JAPAN 

{Arranged  by  Japanese  Standard  and  Alloy  Symbol  Number)^29,57* 


Nominal  Composition  Wt  % 

Alloy 

Type 

Alloy 

Designation 

Common 

Name/Alloy 

Typical  Products!*!) 
Forms 

Ctry 

Code 

Ti-una!loyed-99.  ,CP,-  ksi 

YS 

a 

KS-50CA) 

{CP} 

AH  forms 

JA 

Ti-unalloyed-99.  ,CP,-  ksi 

YS 

a 

KS-70CA) 

(CP) 

All  forms 

JA 

Ti-unalloyed-99.  ,CP,-  ksi 

YS 

a 

ST-40CB) 

(CP) 

All  forms 

JA 

Ti-unalloyed-99.  ,CP,-  ksi 

YS 

a 

ST-50CB) 

(CP) 

All  forms 

JA 

Ti-unalloyed-99.  ,CP,-  ksi 

YS 

a 

ST-60CB) 

(CP) 

All  forms 

JA 

Ti-unalloyed-99.  ,CP,-  ksi 

YS 

a 

ST-7  0(*  B) 

(CP) 

All  forms 

JA 

Ti-unalloyed-99.  ,CP,-  ksi 

YS 

a 

ST-80CB) 

(CP) 

All  forms 

JA 

Ti-unalloyed-99.6,CP,-25  ksi 

YS 

a 

TTH  28CC) 

(CP) 

Tubing/heat  exch.  cl.  1 

JA 

Ti-unatloyed-99.5,CP,-40  ksi 

YS 

a 

TTH  35(*C) 

(CP) 

Tubing/heat  exch.  cl.  2 

JA 

Ti-unalloyed-99. 2,CP ,-55  ksi 

YS 

a 

TTH  49CC) 

(CP) 

Tubing/heat  exch.  cl.  3 

JA 

Ti-unalloyed-99.6,CP,-25  ksi 

YS 

a 

TB  28(*D) 

(CP) 

Titanium  bar,  class  1 

JA 

Ti-unalloyed-99.5,CP,-40  ksi 

YS 

a 

TB  35(*D) 

(CP) 

Titanium  bar,  class  2 

JA 

Ti-unalloyed-99. 2,CP, -55  ksi 

YS 

a 

TB  40(*D) 

(CP) 

Titanium  bar,  class  3 

JA 

Ti-unalloyed-99. 6, CP,-25  ksi 

YS 

a 

TW  28CE) 

(CP) 

Titanium  wire,  class  1 

JA 

Ti-unalloyed-99. 5, CP,-40  ksi 

YS 

a 

TW  35CE) 

(CP) 

Titanium  wire,  class  l 

JA 

Ti-unalloyed-99. 2, CP, -55  ksi 

YS 

a 

TW  49CE) 

(CP) 

Titanium  wire,  class  3 

JA 

Ti-unalloyed-99. 6, CP, -25  ksi 

YS 

a 

TTP  28CF) 

(CP) 

Ti  ord.  piping,  class  1 

JA 

Ti-unalloyed-99. 5, CP,  40  ksi 

YS 

a 

TTP  35(*F) 

(CP) 

Ti  ord.  piping,  class  2 

JA 

Ti-unalloyed-99. 2, CP ,-55  ksi 

YS 

a 

TTP  40(*F) 

(CP) 

Ti  ord.  piping,  class  3 

JA 

Ti-unalloyed-99.  ,CP,-  ksi 

YS 

a 

TS-105CG) 

(CP) 

Titanium  sponge 

JA 

Ti-unalloyed-99.  ,CP,-  ksi 

YS 

a 

TS-I20CG) 

(CP) 

Titanium  sponge 

JA 

Ti-unalloyed-99.  ,CP,-  ksi 

YS 

a 

TS-140CG) 

(CP) 

Titanium  sponge 

JA 

Ti-unalloyed-99.  ,CP,-  ksi 

YS 

a 

TS-160CG) 

(CP) 

Titanium  sponge 

JA 

Ti-unalloyed-99.6,CP,-25  ksi 

YS 

a 

TP  28CH) 

(CP) 

Ti  plate,  class  1 

JA 

Ti-unafloyed-99.5,CP,-40  ksi 

YS 

a 

TP  35{*H) 

(CP) 

Ti  plate,  class  2 

JA 

Ti-unalioyed-99.2, CP, -55  ksi 

YS 

a 

TP  49(*H) 

(CP) 

Ti  plate,  class  J 

JA 

(*A)  Titanium  alloys  of  Kobe  Steel  Company. 

(*B)  Titanium  alloys  of  Sumitomo  Light  Metal  Industries  (later  Nippon  Steel  Co.). 
(*C)  JIS  Standard  H4631. 

(*D)  JIS  Standard  H4650. 

(#E>  JIS  Standard  H4670. 

(*F)  JIS  Standard  H4630. 

(*G)  JIS  Standard  H21 51  (sponge  Ti). 

{*H)  JIS  Standard  H4600. 

(*l)  BI=BILLET,  8A=8AR,  SH=SHEET,  ST=STRIP,  P=PLATE,  W=WIRE, 
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TABLE  IF.  TYPICAL  TITANIUM  ALLOY  DESIGNATIONS  FOR  NON-US  TITANIUM  ALLOYS  OF 
COMMERCIAL  INTEREST 

TABLE  IF. 7.  TYPICAL  TITANIUM  ALLOYS  REFERENCED  BY  SPAIN 
(Arranged  by  the  Spanish  Alloy  Designation  Numbered) 


Nominal  Composition  Wt  % 

Alloy 

Type 

Alloy 

Designation 

Common 

Name/Alloy 

Typical  Product('A) 
Forms 

Ctry 

Code 

Ti-unalloyed-99.6,CP,-25  ksi  YS 

a 

INTA  L-7001 

(CP) 

All  forms 

SP 

Ti-unalloyed-99.5,CP,-40  ksi  YS 

a 

INTA  L-7002 

(CP) 

All  forms 

SP 

Ti-unalloyed-99.2,CP,-55  ksi  YS 

a 

INTA  L-7003 

(CP) 

All  forms 

SP 

Ti-unalloyed-99.0,CP,-70  ksi  YS 

a 

INTA  L 7004 

(CP) 

All  forms 

SP 

Ti-PdO.  12-0.25 

a 

INTA  L-7021 

(Pd  alloy) 

A'.l  forms 

SP 

Ti-AI5-Sn2.5 

a 

INTA  L-7101 

(A-110) 

All  forms 

SP 

Ti-AI6V4 

a+0 

INTA  L 7301 

(6-4) 

All  forms 

SP 

Ti-Cu2.5 

a dispers. 

INTA  L 7501 

(IMI-230) 

BI,BA,P,SH 

SP 

Ti-AI3-V  13,Cr  11 

& 

INTA  L 7701 

(13  11  3) 

SP 

(*A)  BI=BILLET,  BA=BAR,  SH-SHEET,  ST-STRIP.  P-PLATE.  W-WIRE 

(*B)  Alloy  designations  furnished  by  the  Instituto  Nacional  de  Tecnica  Aerospacial  (INTA),  Madrid,  Spain. 
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TABLE  IF.  TYPICAL  TITANIUM  ALLOY  DESIGNATIONS  FOR  NON-US  TITANIUM  ALLOYS  OF 
COMMERCIAL  INTEREST 


TABLE  IF. 8.  TYPICAL  TITANIUM  ALLOYS  REFERENCED  BY  ISO  (INTERNATIONAL  STANDARDS 
ORGANIZATION)  (Arranged  by  ISO  Standard  Numbers)*7) 


Nominal  Composition  Wt  % 

■l 

Alloy  (*B) 
Designation 

Common 
Name/ A Hoy 

Typical  Product(*A) 
Forms 

Ctry 

Code 

Ti-unalloyed-99. 

,CP,- 

ksi  YS 

a 

Ductile  Titanium 

IMI-1 15,  CP 

All  forms 

XX 

Ti-unalloyed-99. 

,CP.- 

ksi  YS 

a 

Resilient 

IMI-155/60 

All  forms 

XX 

Ti-unalloyed-99. 

,CP,- 

ksi  YS 

a 

Alloy 

IMI-318,  CP 

All  forms 

XX 

Ti-unatloyed-99. 

.CP,- 

ksi  YS 

a 

TC  119/SC5 

Powder 

XX 

(*A)  BI=BILLET,  BA=BAR,  SH=SHEET,  ST=STRIP,  P=PLATE,  W=WIRE. 

(*B)  ISO  Draft  Specifications.  The  wrought  alloys  are  intended  for  surgical  implants. 


' 
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TABLE  1G.  CURENT  AMS  (AEROSPACE  MATERIALS  SPECIFICATIONS)  SPECIFICATIONS  COVERING 
TITANIUM  AND  TITANIUM  ALLOYS<36>45> 


Date 

Mo-Yr 

Title  of  Standard 

US 

AMS  4900D 

05-72 

Aerospace  Material  Specification  for  Titanium 
Sheet,  Strip,  and  Plate,  Annealed,  55,000  psi 
(379  MPA)  Yield,  (Unalloyed  Ti) 

US 

AMS  4901 E 

11-72 

Aerospace  Material  Specification  for  Titanium 
Sheet,  Strip,  and  Plate,  Annealed,  70,000  psi 
(483  MPA)  Yield,  (Unalloyed  Ti) 

US 

AMS  4902B 

11-68 

Aerospace  Material  Specification  for  Titanium 
Sheet,  Strip,  and  Plate,  Annealed,  40,000  psi 
Yield,  (Unalloyed  Ti) 

US 

AMS  4906 

11-69 

Aerospace  Material  Specif icat:on  for  Titanium 
Alloy  Sheet  and  Strip,  TJ-6AI-4V,  Continu- 
ously Rolled,  Annealed 

US 

AMS  4907C 

06-75 

Aerospace  Material  Specification  for  Titanium 
Sheet,  Strip,  and  Plate,  Ti-6Ai-4V,  Extra-Low 
Interstitial,  Annealed 

US 

AMS  4908C 

06-75 

Aerospace  Material  Specification  for  Titanium 
Alloy  Sheet  and  Strip,  Ti-8Mn,  Annealed, 
110.000  psi  Yield 

US 

AMS  4909C 

01-76 

Aerospace  Material  Specification  for  Titanium 
Alloy  Sheet,  Strip,  and  Plate,  Ti-5AI-2.5Sn, 
Extra-Low  Interstitial,  Annealed 

US 

AMS  4910F 

06-75 

Aerospace  Material  Specification  for  Titanium 
Alloy  Sheet,  Strip,  and  Plate,  Ti-5AI-2.5Sn, 
Annealed 

US 

AMS  491 1C 

12-73 

Aerospace  Material  Specification  for  Titanium 
Alloy  Sheet,  Strip,  and  Plate,  Ti-6A1-4V, 
Annealed 

US 

AMS  491 2A 

11-68 

Aerospace  Material  Specification  for  Titanium 
Alloy  Sheet  and  Strip,  Ti-4AI-3Mo-1  V, 
Solution  Heat  Treated 

US 

AMS  4913A 

11-68 

Aerospace  Material  Specification  for  Titanium 
Alloy  Sheet  and  Strip,  Ti-4AI-3Mo-1V,  Solution 
and  Precipitation  Treated 

US 

AMS  4915C 

01-76 

Aerospace  Material  Specification  for  Titanium 
Alloy  Sheet,  Strip,  and  Plate,  Ti  8AI-IM0-I V, 
Single  Annealed 

US 

AMS  4916C 

01-76 

Aerospace  Material  Specification  for  Titanium 
Alloy  Sheet,  Strip,  and  Plate,  Ti*8AMMo-1V, 
Duplex  Annealed 

US 

AMS  4917B 

05-69 

Aerospace  Material  Specification  for  Titanium 
Alloy  Sheet,  Strip,  and  Plate,  TM3.5V-1 1Cr-3AI, 
Solution  Heat  Treated 

TABLE  1G.  (Continued) 


Ctry 

Code 

Standard 

Nurrber 

Date 

Mo-Yr 

Title  of  Standard 

US 

AMS  4918D 

06-75 

Aerospace  Material  Specification  for  Titanium 
Alloy  Sheet,  Strip,  and  Plate,  Ti-fAI-6V-2$n, 
Annealed 

US 

AMS  492 1C 

01-76 

Aerospace  Material  Specification  ior  Titanium 
Bars,  Forgings,  and  Rings-Annealed, 

70,000  psi  (483  MPA)  Yield,  (Unalloyed  Ti) 

US 

AMS  4924C 

01-76 

Aerospace  Material  Specification  for  Titanium 
Alloy  Bars,  Forgings,  and  Rings,  Ti-5AI-2.5Sn, 
Extra-Low  Interstitial,  Annealed 

US 

AMS  4926E 

01-76 

Aerospace  Material  Specification  for  Titanium 
Alloy  Bars  and  Rings,  Ti-5AI-2.5Sn,  Annealed, 
110,000  psi  (758  MPA)  Yield 

US 

AMS  4928G 

11-72 

Aerospace  Material  Specification  for  Titanium 
Alloy  Bars  and  Forgings,  Ti-6AI-4V,  Annealed, 
120,000  psi  (827  MPA)  Yield 

US 

AMS  4930A 

01-76 

Aerospace  Material  Specification  for  Titanium 
Alloy  Bars,  Forgings,  and  Rings,  TI-6AI-4V, 
Extra-Low  Interstitial,  Annealed 

US 

AMS  4934 

06-75 

Aerospace  Material  Specification  for  Titanium 
Alloy  Extrusions  and  Flash-Welded  Rings, 
Ti-6AI-4V,  Solution  Heat  Treated  and  Aged 

US 

AMS  4935C 

06-75 

Aerospace  Material  Specification  for  Titanium 
Alloy  Extrusions  and  Flash-Welded  Rings, 
Ti-6AI-4V,  Annealed 

US 

AMS  4936 

11-71 

Aerospace  Material  Specification  for  Titanium 
Alloy  Extrusions,  Ti-6AI-6V-2Sn 

US 

AMS  4941 A 

12-74 

Aerospace  Material  Specification  for  Titanium 
Tubing,  Welded-Annealed,  40,000  psi  (276  MPA) 
Yield,  (Unalloyed  Ti) 

US 

AMS  4942A 

01-76 

Aerospace  Material  Specification  for  Titanium 
Tubing,  Seamless-Annealed,  40,000  psi 
(276  MPA)  Yield,  (Unalloyed  Ti) 

US 

AMS  4943 

11-71 

Aerospace  Material  Specification  for  Titanium 
Alloy  Tubing,  Seamless-Annealed,  Ti-3AI-2.5V 

US 

AMS  4944 

06-74 

Aerospace  Material  Specification  for  Titanium 
Alloy  Tubing,  Seamless-Hydraulic,  Ti-3AI-2.5V, 
Cold-Worked,  Stress-Relieved 

U 3 

AMS  4915C 

05-72 

Aerospace  Material  Specification  for  Titanium 
Wire,  Welding,  (Unalloyed  Ti) 

US 

AMS  4953 

03-58 

Aerospace  Material  Specification  for  Titanium 
Alloy  Wire,  Welding,  Ti-5Al-2.5Sn,  Annealed 

L 
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TABLE  1G.  (Continued) 


Ctry 

Code 

Standard 

Number 

Date 

Mo-Yr 

Title  of  Standard 

US 

AMS  4954B 

11-72 

Aerospace  Material  Specification  for  Titanium 
Alloy  Wire,  Welding,  Ti-6AI-4V 

US 

AMS  4955 

09-65 

Aerospace  Material  Specification  for  Titanium 
Alloy  Wire,  Welding,  Ti-8Al-1Mo-1  V 

US 

AMS  4956 

05-69 

Aerospace  Material  Specification  for  Titanium 
Alloy  Wire,  Welding,  Ti-6AI-4V,  Extra-Low 
Interstitial,  Environment  Controlled 

US 

AMS  4965C 

12-74 

Aerospace  Material  Specification  for  Titanium 
Alloy  Bars,  Forgings,  and  Rings,  Ti-6AI-4V, 
Solution  and  Precipitaion  Heat  Treated 

US 

AMS  4966E 

12-74 

Aerospace  Material  Specification  for  Titanium 
Alloy  Forgings,  Ti-5AI-2.5Sn,  Annealed, 
110,000  psi  (758  MPA)  Yield 

US 

AMS  4967 D 

05-72 

Aerospace  Material  Specification  for  Titanium 
Alloy  Bars  and  Forgings,  Ti-6Ai-4V,  Annealed, 
Heat  Treatable 

US 

AMS  497 0C 

05-70 

Aerospace  Material  Specification  for  Titanium 
Alloy  Bars  and  Forgings,  Ti-7AI-4Mo,  Solution 
and  Precipitation  Treated 

US 

AMS  4971 A 

05-70 

Aerospace  Material  Specification  for  Titanium 
Alloy  Bars,  Forgings,  and  Rings.  Ti-6AI-6V-2Sn, 
Annealed,  Heat  Treatable 

US 

AMS  4972A 

05-70 

Aerospace  Material  Specification  for  Titanium 
Alloy  Bars  and  Rings,  Ti-8AI-1Mo-1  V,  Solution 
Treated  and  Stabilized 

US 

AMS  4973A 

05-70 

Aerospace  Material  Specification  for  Titanium 
Alloy  Forgings,  Ti-8AI-1Mo-1V,  Solution 
Treated  and  Stabilized 

US 

AMS  4974 

11-67 

Aerospace  Material  Specification  for  Titanium 
Alloy  Bars  and  Forgings,  Ti-1 1Sn-5Zr-2.3AI- 
1Mo-0.2lSi,  Solution  and  Precipitation  Treated 

US 

AMS  4975B 

11-71 

Aerospace  Material  Specification  for  Titanium 
Alloy  Bars  and  Rings,  Ti-6AI-2Sn-4Zr-2Mo, 
Solution  and  Precipitation  Treated 

US 

AMS  4976 

05-68 

Aerospace  Material  Specification  for  Titanium 
Alloy  Forgings,  Ti-6AI-2Sn  4Zr-2Mo,  Solution 
and  Precipitation  Treated 

US 

AMS  4977A 

11-72 

Aerospace  Material  Specification  for  Titanium 
Alloy  Bars  and  Wire,  T»-11.5Mo-6Zr-4.5Sn, 
1275-1350  F,  (690.6-732.2  C),  Solution  Heat 
Treated 
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Ctry 

Code 

Standard 

Number 

Date 

Mo-Yr 

Title  of  Standard 

US 

AMS  4978A 

05-71 

Aerospace  Material  Specification  for  Titanium 
Alloy  Bars,  Forgings,  and  Rings,  Ti-6AI-6V-2Sn, 
Annealed,  140,000  psi  Yield 

US 

AMS  4979 

05-70 

Aerospace  Material  Specification  for  Titanium 
Alloy  Bars,  Forgings,  and  Rings,  Ti-6Al-6V-2Sn, 
Solution  and  Precipitation  Heat  Treated 

US 

AMS  4980A 

11-72 

Aerospace  Material  Specification  for  Titanium 
Alloy  Bars  and  Wire,  Ti-1 1.5Mo-6Zr-4.5$n, 
1375  F,  (746  C},  Solution  Heat  Treated 

US 

AMS  4981 

11-72 

Aerospace  Material  Specification  for  Titanium 
Alloy  Bars  and  Forgings,  Ti-6A!-2Sn-4Zr-6Mo, 
Solution  and  Precipitation  Heat  Treated 

US 

AMS  4982 

12-74 

Aerospace  Material  Specification  for  Titanium 
Alloy  Bars,  Ti-45Cb,  Annealed 
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TABLE  II.  CURRENT  ASTM  (AMERICAN  SOCIETY  FOR  TESTING  AND  MATERIALS)  STANDARD 
SPECIFICATIONS  COVERING  TITANIUM  AND  TITANIUM  ALLOYS*37’45* 


Ctry 

Code 

Standard 

Number 

Year 

Title  of  Standard 

US 

ASTM  B265-74 

1974 

ASTM  Standard  Specification  for  Titanium  and 
Titanium  Alloy  Strip,  Sheet,  and  Plate 

US 

ASTM  B299-74 

1974 

ASTM  Standard  Specification  forTitanium 
sponge 

US 

ASTM  B348-74 

1974 

ASTM  Standard  Specification  for  Titanium  and 
Titanium  Bars  and  Billets 

US 

ASTM  B337-74 

1974 

ASTM  Standard  Specification  for  Seamless  and 
Welded  Titanium  and  Titanium  Alloy  Pipe 

US 

ASTM  B 338-74 

1974 

ASTM  Standard  Specification  for  Seamless  and 
Welded  Titanium  and  Titanium  Alloy  Tubes 
for  Condensers  and  Heat  Exchangers 

US 

ASTM  B 363-71 

1971 

ASTM  Standard  Specification  for  Seamless  and 
Welded  Unalloyed  Titanium  Welding  Fittings 

US 

ASTM  B 367 -69 

1969 

ASTM  Standard  Specification  for  Titanium  and 
Titanium  Alloy  Castings 

US 

ASTM  B381-75 

1975 

ASTM  Standard  Specification  for  Titanium  and 
Titanium  Alloy  Forgings 

US 

ASTM  B382-64* 

1964 

ASTM  Standard  Specification  for  Titanium  and 
Titanium  Alloy  Bare  Welding  Rods  and 
Electrodes-Discontinued  in  1969,  See 
AWS  A5.16-70 

US 

ASTM  F67-74 

1974 

ASTM  Standard  Specification  for  Titanium  for 
Surgical  Implants 

US 

ASTM  F 136-70 

1970 

ASTM  Standard  Specification  for  Titanium 
6AI-4V  ELI  Alloy  for  Use  in  Clinical 
Evaluations  as  a Surgical  Implant  Material 

* Non  current  standard. 


AND  ASTM  STANDARD  FORM  SPECIFICATIONS*45* 


(*A)  When  fittings  are  of  welded  construction,  the  symbol  shown  shall  be  suplemented  by  the  letter  (W).  The  designated  grades  correspond  to  grades  1,  2.  and  3 of 
8348,  B265,  B337,  8338,  and  grades  C-1,  C 2,  and  C-3  of  8367. 

(‘81  Corresponds  to  grade  3 of  B348,  8381,  and  B265. 

(*C)  Corresponds  to  c ade  4 of  B381  and  B265. 

(*D)  Material  for  surgical  implants. 
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TABLE  IK.  CURRENT  MIL  (US  MILITARY)  SPECIFICATIONS  COVERING  TITANIUM  AND 
TITANIUM  ALLOYS^44-45-57) 


Ctry 

Code 

Standard 

Number 

Date 

Mo-Yr 

Title  of  Standard 

US 

MIL-HDBK  697 A 

06-74 

US  Military  Handbook,  Titanium  and 
Titanium  Alloys 

US 

MIL-F-83142A 

12-69 

US  Military  Specifications,  Forging, 
Titanium  Alloys,  Premium  Quality 

US 

MIL-H-81200A 

09-68 

US  Military  Specification,  Heat  Treatment 

+ Amendment  No.  1 

03-69 

of  Titanium  and  Titanium  alloy 

US 

MIL-T-9046H 

03-74 

US  Military  Specification,  Titanium  and 

Titanium  Alloy,  Sheet,  Strip,  and  Plate 
(Superseding  MIL-T-009046G) 


US 

MIL-T-9047E 

06-70 

US  Military  Specification,  Titanium  and 
Titanium  Alloy  Bars  and  Forging  Stock 

US 

MIL-T-009047F 

03-71 

US  Military  Specification,  Titanium  and 

+ Amendment  No.  1 

09-72 

Titanium  Alloy  Bars  and  Forging  Stock 

US 

Ml  L-T-13405C 

05-66 

US  Military  Specification,  Titanium  Powder 

US 

MIL-T-46035A 

10-66 

US  Military  Specification,  Titanium  Alloy, 

+ Amendment  No.  1 

05-72 

High  Strength  Wrought,  (for  Critical 
Components) 

US 

MIL-T-46038B 

06-76 

US  Military  Specification,  Titanium  Alloy 

Wrought,  Rods,  Bars,  and  Billets 
(for  Critical  Applications) 


US 

Ml  L-T-46077B 

07-75 

US  Military  Specification,  Titanium  Alloy 
Armor  Plate,  Weldable 

US 

MIL-T-81556 

03-68 

US  Military  Specification,  Titanium  and 
Titanium  Alloy  Bars,  Rods,  and  Special 
Shaped  Sections  Extruded 

US 

MIL-T-81915 

03-73 

US  Military  Specification,  Titanium  and 
Titanium-Alloy  Castings,  Invertment 

US 

M1L-R-81588 

07-70 

US  Military  Specification,  Welding  Rods 
and  Wire,  Titanium  and  Titanium  Alloys 

US 

MIL-W-6858C 
+ Amendment  No.  1 

10-64 

06-65 

US  Military  Specification,  Welding 
Resistance:  Aluminum,  Magnesium, 
Non-Hardening  Steels  or  Alloys,  Nickel 
Alloys,  Heat  Resisting  Alloys,  and 
Titanium  Alloys,  Spot  and  Seam 

US 

MIL-T-13405C 

05-65 

US  Military  Specification  for  Titanium 
Powder  (for  Pyrotechnic  Use) 

The  use  of  double  zeros  (00)  in  standard  numbers  indicates  an  uncoordinated  specification,  and  not  necessarily 
accepted  by  all  services. 
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TABLE  1L.  CORRELATION  OF  US  MILITARY  SPECIFICATIONS^5) 
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TABLE  1M.  CURRENT  AWS  (AMERICAN  WELDING  SOCIETY)  STANDARDS  COVERING  TITANIUM 
AND  TITANIUM  ALLOY  WELDING  RODS<45-57> 


Standard 
Number 


Title  of  Standard 


AWS  A5.16-70 


American  Welding  Society  Specifications  for  Titanium  and 
Titanium  Alloy  Bare  Welding  Rods  and  Electrodes  (Covers 
Four  Unalloyed  Ti  Materials,  Two  Ti-6AI*4V  Materials, 
Two  Ti-5AI-2.5Sn  Materials,  Two  Ti-3AI-2.5V  Materials  As 
Well  As, Ti-PdO.  15-0.25,  Ti-8AMMo-1V, 
Ti-6AI-2Cb-1Ta-0.8Mo,  and  Ti-13V-f  1Cr-3AI  Alloys) 


Note:  Detailed  composition  of  each  of  the  10  materials  is  shown  in  Table  1E.2. 


TABLE  IN.  COMPARISON  OF  TITANIUM  SPONGE  SPECIFICATIONS  OF  US  NATIONAL  STOCKPILE  PURCHASE  SPECIFICATIONS, 
ASTM,  USSR,  AND  JAPAN  (Sequenced  by  the  Important  Impurities)  (percent  by  weight  on  a dry  basisH57) 


TABLE  10.  CURRENT  BRITISH  STANDARD  NUMBERS  AND  TITLES  COVERING  TITANIUM  AND 
TITANIUM  ALLOYS<5-6’7> 


Ctry 

Code 

Standard 

Number 

Date 

Mo/Yr 

Title  of  Standard 

UK 

BS  CP  3003  (9) 

00/70 

Titanium  lining  of  vessels  and  equipment 
for  chemical  processes,  guidance  to  manu- 
facturers and  users  of  lined  vessels  and 
equipment:  selection,  design,  application, 
maintenance,  inspection  and  testing,  of 
linings:  recommendations  on  design  of  the 
items  to  be  lined 

UK 

BS  2TA1 

11/74 

Aerospace  series  specification  for  sheet  and 
strip  of  commercially  pure  titanium  (tensile 
strength  290-420  MPA),  (supersedes  TA1) 

UK 

BS  2TA2 

04/73 

Aerospace  series  specification  for  sheet  and 
strip  of  commercially  pure  titanium  (tensile 
strength  390-540  N/mm^},  (supersedes  TA2) 

UK 

2TA3 

04/73 

Aerospace  series  specification  for  bars  and 
sections  for  machining  of  commercially  pure 
titanium  (tensile  strength  390-540  N /mm'*), 
supersedes  TA3) 

UK 

BS  2TA4 

04/73 

Aerospace  series  specification  for  forging 
stock  of  commercially  pure  titanium  (tensile 
strength  390-540  N/mm2),  (supersedes  TA4) 

UK 

BS  2TA5 

04/73 

Aerospace  series  specification  for  forgings  of 
commercially  pure  titanium  (tensile  strength 
390-540  N/mm2),  (supersedes  TA5) 

UK 

BS  2TA6 

04/73 

Aerospace  series  specification  for  sheet  and 
strip  of  commercially  pure  titanium  (tensile 
strength  570-730  N/mm2),  (supersedes  TA6) 

UK 

BS  2TA7 

04/73 

Aerospace  series  specification  for  bars  and 
section  for  machining  of  commercially  pure 
titanium  (tensile  strength  640-740  N/mm2), 
(supersedes  TA7) 

UK 

BS  2TA8 

04/73 

Aerospace  series  specification  for  forging 
stock  of  commercially  pure  titanium  (tensile 
strength  540-740  N/mm2),  (supersedes  TA8) 

UK 

BS  2TA9 

04/73 

Aerospace  series  specification  for  forgings  of 
commercially  pure  titanium  (tensile  strength 
540-740  N/mm2),  (supersedes  TA9) 

UK 

BS  2TA10 

05/74 

Aerospace  series  specification  for  sheet  and 
strip  of  titanium-aluminium-vanadium  alloy 
(tensile  strength  960-1270  MPA), 
(supersedes  TA10) 
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Ctry 

Code 

Standard 

Number 

Date 

Mo/Yr 

Title  of  Standard 

UK 

BS  2TA11 

05/74 

Aerospace  series  specification  for  bars  and 
section  for  machining  of  titanium-aluminium- 
vanadium  alloy  (tensile  strength  900-1160  MPA), 
(max.  section  155  mm),  (supersedes  TA11) 

UK 

BS  2TA12 

05/74 

Aerospace  series  specification  for  forging 
stock  of  titanium-aluminium-vanadium  alloy 
(tensile  strength  900-1160  MPA),  (max. 
section  150  mm),  (supersedes  TA12) 

UK 

BS  2TA13 

05/74 

Aerospace  series  specification  for  forgings  of 
titanium-aluminium-vanadium  alloy  (tensile 
strength  900-1160  MPA),  (max,  section 
150  mm),  (supersedes  TA13) 

UK 

BS  TAM* 

12/68 

Aerospace  series  specification  for  aluminium- 
tin  alloy  sheets  (tensile  strength  82-108  HBAR), 
(supersedes  DTD  5093) 

UK 

BS  TA15* 

12/68 

Aerospace  series  specification  for  titanium- 
aluminium-tin  alloy  bars  for  machining 
(tensile  strength  79-108  HBAR),  (max.  section 
150  mm),  (partially  supersedes  DTD  5083) 

UK 

BS  TA16* 

12/68 

Aerospace  series  specification  for  titanium- 
aluminium-tin  alloy  forging  stock  (tensile 
strength  79-108  HBAR),  (max.  section 
150  mm),  (partially  supersedes  DTD  5083) 

UK 

BS  TA17* 

•12/68 

Aerospace  series  specification  for  titanium- 
aluminium-tin  alloy  forgings  (tensile  strength 
79-108  HBAR),  (max.  section  150  mm) 

UK 

BS  TA18** 

+ Amend.  1052 

12/68 

Aerospace  series  specification  for  titanium- 
tin-zirconium-aluminium-molybdenum-silicon 
alloy  bars  for  machining  (tensile  strength 
111-134  HBAR),  (max.  section  50  mm) 

UK 

BS  TA19** 

+ Amend.  1053 

12/68 

12/72 

Aerospace  series  specification  for  titanium-tin- 
zirconium-aluminium-molybdenum-silicon 
alloy  forging  stock  (tensile  strength  HI- 
134  HBAR),  (max.  section  50  mm) 

UK 

BS  TA20** 

+ Amend.  1054 

12/68 

12/71 

Aerospace  series  specification  for  titanium-tin- 
zirconium-aluminium-molybdenum-silicon 
alloy  forgings  (tensile  strength  111-134  HBAR), 
(max.  section  50  mm) 

UK 

BS  2TA21 

04/73 

Aerospace  series  specification  for  sheet  and 
strip  of  tit  mium-copper  alloy  (tensile 
strength  540-770  N/mm^i,  (supersedes  TA21) 
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Ctry 

Code 

Standard 

Number 

Date 

Mo/Yr 

Title  of  Standard 

UK 

BS  2TA22 

04/73 

Aerospace  series  specification  for  bars  and 
section  for  machining  of  titanium-copper 
alloy  (tensile  strength  540-770  N/mm^), 
(supersedes  TA22) 

UK 

BS  2TA23 

04/73 

Aerospace  series  specification  for  forging 
stock  of  titanium-copper  alloy  (tensile 
strength  540-770  N/mm^),  (supersedes  TA23) 

UK 

BS  2TA24 

04/73 

Aerospace  series  specification  for  forgings  of 
titanium-copper  alloy  (tensile  strength 
540-770  N/mm^),  (supersedes  TA24) 

UK 

BS  TA25** 

+ Amend.  1056 

12/68 

12/72 

Aerospace  series  specification  for  titanium-tin- 
zirconium-aluminium-molybdenum-silicon 
alloy  bars  for  machining  (tensile  strength 
103-127  HBAR),  (max.  section  75  mm) 

UK 

BS  TA27 
+ Amend.  1057 

12/68 

12/72 

Aerospace  series  specification  for  titanium-tin- 
zirconium-aluminium-molybdenum-silicon 
alloy  forgings  (tensile  strength  103-127  HBAR), 
(max.  section  75  mm) 

UK 

BS  2TA28 

05/74 

Aerospace  series  specification  for  titanium- 
aluminium-vanadium  alloy  forging  stock 
(tensile  strength  1110-1130  HBAR),  (max. 
section  20  mm),  (primarily  intended  for  the 
manufactures  of  fasteners  for  British  Standards), 
(supersedes  TA28) 

UK 

BS  TA27 
+ Amend.  1057 

12/68 

12/72 

Aerospace  series  specification  for  titanium-tin- 
aluminium-molybdenum-tin-silicon  alloy  bars 
for  machining  (tensile  strength  114-136  HBAR), 
(max.  section  25  mm) 

UK 

BS  TA3Q* 

07/69 

Aerospace  series  specification  for  titanium- 
alumin'um-molybdenum-tin-silicon  alloy 
forging  stock  (tensile  strength  114-136  HBAR), 
(max.  section  25  mm),  (partially  supersedes 
DTD  5103) 

UK 

BS  TA31  * 

07/69 

Aerospace  series  specification  for  titanium- 
aluminium-molybdenum-tin-silicon  alloy  forgings 
(tensile  strength  114-136  HBAR),  (max,  section 
25  mm),  (partially  supersedes  DTD  5153) 

UK 

BS  TA32* 

07/69 

Aerospace  series  specification  for  titanium- 
aluminium-molybdenum-tin-silicon  alloy  for 
machining  (tensile  strength  105-127  HBAR), 
(max.  section  75  mm),  (partially  supersedes 
DTD  5103) 
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ary 

Code 

Standard 

Number 

Date 

Mo/Yr 

Title  of  Standard 

UK 

BS  TA33* 

07/69 

Aerospace  series  specification  for  titanium- 
aluminium-tin-silicon  alloy  forging  stock 
(tensile  strength  105-127  HBAR),  (max. 
section  75  mm),  (partially  supersedes 
DTD  5103) 

UK 

BS  TA34* 

07/69 

Aerospace  series  specification  for  titanium- 
aluminium-molybdenum-tin-silicon  alloy 
forgings  (tensile  strength  105-127  HBAR), 
(max.  section  75  mm),  (partially  supersedes 
DTD  5153) 

UK 

BS  TA35* 

07/69 

Aerospace  series  specification  for  titanium- 
aluminium-molybdenum-tin-silicon  alloy  bars 
for  machining  (tensile  strength  100124  HBAR), 
(max.  section  150  mm),  (partially  supersedes 
DTD  5103) 

UK 

BS  TA36* 

07/69 

Aerospace  series  specification  for  titanium- 
aluminium-molybdenum-tin-silicon  alloy 
forging  stock  (tensile  strength  100124  HBAR), 
(max.  section  150  mm),  (partially  supercedes 
DTD  5103) 

UK 

BS  TA37* 

07/69 

Aerospace  series  specification  for  titanium- 
aluminium-molybdenum-silicon  alloy  forgings 
(tensile  strength  100-124  HBAR),  (max. 
section  150  mm),  (partially  supersedes 
DTD  5153) 

UK 

BS  TA38 

09/71 

Aerospace  series  specification  for  machining 
of  titanium  aluminium-molybdenum-tin- 
silicon-carbon  alloy  (tensile  strength  1250 
1420  N/mm2),  (max.  section  20  mm),  (partially 
supercedes  DTD  5203) 

UK 

BS  TA39 

09/71 

Aerospace  series  specification  for  forging  stock 
of  titanium-aluminium-molybdenum-tin-silicon- 
carbon  alloy  (tensile  strength  12501429 
N/mm^l,  (max.  section  25  mm),  (partially 
supersedes  DTD  5203) 

UK 

BS  TA40 

09/71 

Aerospace  series  specification  for  bars  for 
machining  of  titanium-aluminium-molybdenum- 
tin-silicon-carbon  alloy  (tensile  strength  1205- 
1375  N/mm2),  (partially  supersedes  DTD  5203) 

UK 

BS  TA41 

09/71 

Aerospace  series  specification  for  forging  stock 
of  titanium-aluminium-tin-silicon-carbon  alloy 
(tensile  strength  1205-1375  N/mm2),  (max. 
section  25-75  mm),  (partially  supersedes 
DTD  5203) 
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Ctry 

Code 

Standard 

Number 

Date 

Mo/Yr 

Title  ot  Standard 

UK 

BS  TA42 

09/71 

Aerospace  series  specification  for  forgings  of 
titanium-aluminium-molybdenum-tin-silicon- 
carbon  alloy  (tensile  strength  1205-1375 
N/mm2),  (max.  section  25-75  mm),  (partially 
supersedes  DTD  5223) 

UK 

BS  TA43 
+ Amend.  1623 

06/72 

11/72 

Aerospace  series  specification  for  forging  stock 
of  titanium-aluminium-zirconium-molybdenum- 
silicon  alloy  (tensile  strength  990-1140  N/mm^|, 
(max.  section  65  mm) 

UK 

BS  TA44 

06/72 

Aerospace  series  specification  for  forgings  of 
titanium-aluminium-zirconium-molybdenum- 
silicon  alloy  (tensile  strength  990-1140  N/mm^), 
(max.  section  65  mm) 

UK 

BS  TA45 

02/73 

Aerospace  series  specification  for  bar  and  section 
fo-  machining  of  titanium-aluminium- 
mclybdenum-tin-silicon  alloy  (tensile  strength 
1100-1280  N/mm2),  (max.  section  25  mm), 
(supersedes  TA29) 

UK 

BS  TA46 

02/73 

Aerospace  series  specification  for  bar  and  section 
for  machining  of  titanium-aluminium- 
molybdenum-tin-silicon  alloy  (tensile  strength 
1050-1220  N/mm2),  (max.  section  25  mm), 
(supersedes  TA32,  partially  supersedes  TA35) 

UK 

BS  TA47 

02/73 

Aerospace  series  specification  for  forging  stock 
of  titanium-aluminium-molybdenum-tin-silicon- 
alloy  (tensile  strength  1050-1220  N/mm2), 
(max.  section  100  mm),  (supersedes  TA30 
and  TA33,  partially  supersedes  TA35*see  also 
TA50) 

UK 

BS  TA48 

02/73 

Aerospace  series  specification  for  forgings  of 
titanium-aluminium-molybdenum-tinsilicon 
alloy  (tensile  strength  1050-1200  N/mm2), 
(max.  section  100  mm),  (supersedes  TA31 
and  TA34,  partially  supersedes  TA37-see  also 
TA51) 

UK 

BS  TA49 

02/73 

Aerospace  series  specification  for  bar  and  section 
for  machining  of  titanium-aluminium- 
molybdenum-tin-silicon  alloy  (tensile  strength 
1000-1200  N/mm2),  (max.  section  100-150  mm), 
(partially  supersedes  TA35) 

TABLE  lO.  (Continued) 


Ctry 

Code 

Standard 

Number 

Date 

Mo/Yr 

Tide  of  Standard 

UK 

BS  TA50 

02/^3 

Aerospace  series  specification  for  forging  slock 
of  titanium-aluminium-molybdenum-tin-silicon- 
alloy  (tensile  strength  1000-1200  N/mm^), 
(max.  section  100-150  mm),  (partially 
supersedes  TA36) 

UK 

BS  TA51 

02/73 

Aerospace  series  specification  for  forgings  of 
titanium-alumin'.u.  i-molybdenum-tin-silicon 
alloy  (tensile  strength  1000-1200  N/mm2), 
(max.  section  100-150  mm),  (partially 
supersedes  TA37) 

UK 

BS  TA52 

04/73 

Aerospace  series  specification  for  sheet  and 
strip  of  titanium-copper  alloy  (tensile 
strength  600-920  (partially  supersedes 

DTD  5233) 

UK 

BS  TA53 

04/73 

Aerospace  series  specification  for  bars  and 
sections  for  machining  titanium-copper  alloy 
(tensile  strength  650-880  N/mm2),  (max. 
section  75  mm),  (supersedes  DTD  5243) 

UK 

BS  TA54 

04/73 

Aerospace  series  specification  for  forging 
stock  of  titanium-copper  alloy  (tensile 
strength  650-880  N/mm2),  (supersedes 
DTD  5253) 

UK 

BS  TA55 

04/73 

Aerospace  series  specification  for  forgings  of 
titanium-copper  alloy  (tensile  strength  650- 
880  N/mm2),  (max.  section  75  mm), 
(supersedes  DTD  5263) 

UK 

BS  TA56 

05/74 

Aerospace  series  specification  for  plate  of 
titanium-aluminium-vanadium  alloy  (tensile 
strength  895-1150  MPA),  (max.  thickness 
100  mm) 

UK 

BS  TA57 

05/74 

Aerospace  series  specification  for  ptate  of 
titanium-aluminium-molybdenum-tin-silicon- 
alloy  (tensile  strength  1030-1220  MPA),  (max. 
thickness  65  mm) 

UK 

BS  TA58 

05/74 

Aerospace  series  specification  for  plate  of 
titanium-copper  alloy  (tensile  strength  520* 
640  MPA),  (max.  thickness  10  mm) 

UK 

BS  2TA100 
+ Amend.  1557 

00/73 

09/74 

Aerospace  series  specification  for  procedure  for 
inspection  and  testing  of  wrought  titanium  and 
titanium  alloys 
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Standard 

Number 


Title  of  Standard 


BS  3531:  Part  1 

00/68 

Metal  implants  and  tools  used  in  bone  surgery 
part  1,  materials  used  for  metal  surgical 
implants 

BS  3351 

+ Amend.  PD522  805.44 

00/68 

British  standard  for  metal  surgical  implants 
drills,  and  screwdrivers  used  in  bone  surgery 

Non  current  standard. 

Current  standard  but  not  recommended  for  new  designs. 


TABLE  IP.  CURRENT  FRENCH  STANDARD  NUMBERS  AND  TITLES  COVERING  TITANIUM  AND 
TITANIUM  ALLOYS(7’l0’21>23) 


Ctry 

Code 

Standard 

Number 

Date 

Mo/Yr 

Title  of  Standard 

FR 

NF  L 15-130 

11/58 

Norme  Francaise  (French  National  Standard) 
for  titanium  sheet  -dimensions  and  tolerances 

FR 

NF  L 21-107 

03/75 

Norme  Francaise  (french  National  Standard) 
for  T40  pure  titanium  wires  for  rivets  - 
dimensions 

FR 

NF  L 2 M 10 

09/75 

Norme  Francaise  (French  National  Standard) 
for  T40  pure  titanium  for  rivets  -specifica- 
tion techniques 

FR 

NF  L 21-271 

08/75 

Norme  Francaise  (French  National  Standard) 
for  composite  rivets  with  a stem  of  titanium 
alloy  T-A6V,  with  cylindrical  heat  - 
dimensions 

FR 

NF  L 21-272 

08/75 

Norme  Francaise  (French  National  Standard) 
for  composite  rivets  with  a stem  of  titanium 
alloy  T-AV6  with  a 100  milled  head  - 
dimensions 

FR 

AIR  9182 

00/58 

Reglements  AIR  (French  Aircraft  Standard) 
conditions  for  receiving  sheets  of  unalloyed 
titanium 

FR 

AIR  9183 

11/66 

Reglements  AIR  (French  Aircraft  Standard) 
conditions  for  receiving  bars  profile  and 
forgings  of  titanium  alloys 

FR 

AIR  9184 

00/00 

Reglements  AIR  (French  Aircraft  Standard) 
conditions  for  receiving  titanium  alloy  fasfeners 

EU 

AECMA  TI  P 01 

AECMA  Norm  for  unalloyed  titanium,  Gr.  1 

EU 

AECMA  TI  P 02 

AECMA  Norm  for  unalloyed  titanium,  Gr.  2 

EU 

AECMA  Tl-P  04 

AECMA  Norm  for  unalloyed  titanium,  Gr.  2 

EU 

AECMA  Tl-P  05 

AECMA  Norm  for  unalloyed  titanium  (rivet 
wire) 

EU 

AECMA  Tl-P  11 

AECMA  Norm  for  Ti-2.5Cu  alloy  (all  forms) 

EU 

AECMA  TI  P 62 

AECMA  Norm  for  Ti-4AI-4Mn  alloy  (BA,FG) 

EU 

AECMA  Tl-P  63 

AECMA  Norm  for  Ti-6AI-4V  alloy  (BA,SH,FG> 

EU 

AECMA  TI  P 64 

AECMA  Norm  for  Ti-6AI-6V-2Sn  alloy  (BA,FG) 

EU 

AECMA  Tl-P  65 

AECMA  Norm  for  Ti-5AI-2.5Sn  alloy  (all  forms) 

EU 

AECMA  Tl-P  66 

AECMA  Norm  for  Ti-8AI-1Mo-1  V alloy 
(all  forms) 

EU 

AECMA  TI  P 67 

AECMA  Norm  for  Ti-6AI-5Zr-0.5Mo-0.25Si 
(BA.FG) 

EU 

AECMA  TI  P 68 

AECMA  Norm  for  Ti-4AI-2Sn-4Mo-0.5Si  (BA) 
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TABLE  IQ.  CURRENT  GERMAN  STANDARD  NUMBERS  AND  TITLES  COVERING  TITANIUM  AND 
TITANIUM  ALLOYS<7*8>21> 


Ctry 

Code 

Standard 

Number 

Date 

Mo/Yr 

Title  of  Standard 

GY 

DIN  17850 

03/75 

Deutsche  Normen  (German  Standard)  for 
titanium  chemical  compositions 

GY 

DIN  17851 

12/73 

Deutsche  Normen  (German  Standard)  for 
wrought  titanium  alloys 

GY 

DIN  17860 

11/73 

Deutsche  Normen  (German  Standard)  for 
plate,  sheet,  and  strip  of  wrought  titanium 
and  titanium  alloys 

GY 

DIN  17862 

11/73 

Deutsche  Normen  (German  Standard)  for  bars 
of  wrought  titanium  and  titanium  alloys 

GY 

DIN  17863 

11/73 

Deutsche  Normen  (German  Standard)  for 
titanium  wire 

GY 

DIN  17864 

11/73 

Deutsche  Normen  (German  Standard)  for 
forgings  of  wrought  titanium  and  titanium 
alloys 

GY 

DIN  3.7000  draft 

00/00 

DIN  Werkstoff  Nr.  (DIN  Material  Nr.)  Ti-0.25 
Pd  alloy 

GY 

DIN  3.7040  draft 

00/00 

DIN  Werkstoff  Nr.  (DIN  Material  Nr.)  Ti-0.25 
Pd  alloy 

GY 

DIN  3.7070  draft 

00/00 

DIN  Werkstoff  Nr.  (DIN  Material  Nr.)  Ti-0.25 
Pd  alloy 

GY 

DIN  3.7115 

12/73 

DIN  Werkstoff  Nr.  (DIN  Material  Nr.)  TiAl 
alloy,  this  grade  specified  in  DIN  17851, 
17860,  17862,  and  17864 

GY 

DIN  3.7165 

12/73 

DIN  Werkstoff  Nr.  (DIN  Material  Nr.)  TiAI6V4 
alloy,  this  grade  specified  in  DIN  17851, 
17860,  17862,  and  17864 

GY 

LW  3.7024 

00/00 

Luftfahrt  Werkstoff  (Aircraft  Industry  Material), 
unalloyed  titanium  for  sheet  and  welding  wire 

GY 

DIN  3.7025 

03/70 

DIN  Werkstoff  Nr.  (DIN  Material  Nr.)  unalloyed 
titanium,  this  grade  specified  in  DIN  17850, 
17860,  17862,  17863,  and  17864 

GY 

LW  3.7034 

00/00 

Luftfahrt-Werkstoff  (Aircraft  Industry  Material), 
unalloyed  titanium  for  sheet,  rod,  forgings, 
and  welding  wire 

GY 

DIN  3.7035 

03/70 

DIN  Werkstoff  Nr.  (PIN  f/laterial  Nr.)  unalloyed 
titanium,  this  grade  specified  in  DIN  17850, 
17860,  17862,  17863,  and  17864 
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Ctry 

Code 

Standard 

Number 

Date 

Mo/Yr 

Title  of  Standard 

GY 

DIN  3.7055 

03/70 

DIN  Werkstoff  Nr.  (DIN  Material  Nr.)  unalloyed 
titanium,  this  grade  specified  in  DIN  17850, 
17860,  17862,  17863,  and  17864 

GY 

LW  3.7064 

00/00 

Luftfahrt-Werkstoff  (Aircraft  Industry  Material), 
unalloyed  titanium  for  sheet,  rod,  and 
forgings 

GY 

DIN  3.7065 

03/70 

DIN  Werkstoff  Nr.  (DIN  Material  Nr.)  unalloyed 
titanium,  this  grade  specified  in  DIN  17850, 
17860,  17862.  17863,  and  17864 

GY 

LW  3.7114 

00/00 

Luftfahrt-Werkstoff  (Aircraft  Industry  Material), 
Ti-5AI-2.5Sn  alloy  for  sheet,  strip,  bars,  wire, 
and  forgings 

GY 

LW  3.7124 

00/00 

Luftfahrt-Werkstoff  (Aircraft  Industry  Material), 
Ti-2.5Cu  alloy  for  sheet,  strip,  bars,  wire,  and 
forgings 

GY 

LW  3.7154 

00/00 

Luftfahrt-Werkstoff  (Aircraft  Industry  Material), 
Ti-6AI-0.5Mo-5Zr-0.25Si  alloy  for  bars  and 
billets 

GY 

LW  3.7164 

00/00 

Luftfahrt-Werkstoff  (Aircraft  Industry  Material), 
Ti-6AI-4V  alloy  for  sheet,  rod,  forgings,  and 
fastener  stock 

GY 

LW  3.7174 

00/00 

Luftfahrt-Werkstoff  (Aircraft  Industry  Material), 
Ti-6AI-6V-2Sn  alloy 

GY 

LW  3.7184 

00/00 

Luftfahrt-Werkstoff  (Aircraft  Industry  Material), 
Ti-4AI-2Sn-4Mo-0.5Si  alloy  for  bars  and  billets 

GY 

VdTuV  230-1*68 

00/68 

Vereinigung  der  Technischen  Uberwachung- 
suereineev  (German  Association  for  Technical 
Supervision)  grades  1,  2,  3,  and  4;  supervision 
grades  1,  2,  3,  and  4 

GE 

EMO 

00/00 

East  German  Standard  for  unalloyed  titanium 
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TABLE  1R.  CURRENT  SOVIET  STANDARD  NUMBERS  AND  TITLES  COVERING  TITANIUM  AND 
TITANIUM  ALLOYS(85> 


Ctry 

Code 

Standard 

Number 

Date 

Mo/Yr 

Title  of  Standard 

UR 

AMTU  386-59 

00/59 

Soviet  Aviation  Metallurgical  Specification  for 
titanium  tubing 

UR 

AMTU  388* 

00/68 

Soviet  Aviation  Metallurgical  Specification  for 
chemical  composition  of  titanium  alloys 

UR 

AMTU  449-59 

00/59 

Soviet  Aviation  Metallurgical  Specification  for 
titanium  wire 

UR 

AMTU  451-67 

00/67 

Soviet  Aviation  Metallurgical  Specification  for 
titanium  alloys,  rolied  bar,  technical 
specification  types  covers  round  rolled  bars 
of  alloys  VT1-00,  VT1-0,  OT4-0,  OT4-1,  OT4, 
VT5-1,  VT6S,  VT6,  VT3-1.  VT8,  VT9,  VT14, 
VT20,  and  VT22 

UR 

AMTU  457-67 

00/67 

Soviet  Aviation  Metallurgical  Specifcation  for 
sheet  titanium  alloys,  cover  alloys:  VT1-00, 
VT1-0,  OT4-0,  OT4-1,  OT4,  VT5,  VT6,  VT14, 
and  VT20 

UR 

AMTU  461-70 

00/70 

Soviet  Aviation  Metallurgical  Specification  for 
titanium  alloy  VT14,  forgings  and  stampings 

UR 

AMTU  461-60 

00/60 

Soviet  Aviation  Metallurgical  Specification  for 
titanium  sheet 

UR 

AMTU  476-61 

00/61 

Soviet  Aviation  Metallurgical  Specification  for 
titanium  sheet,  mechanical  properties 

UR 

AMTU  487-20 

00/00 

Soviet  Aviation  Metallurgical  Specification  for 
titanium,  extruded  and  rolled 

UR 

AMTU  55  2-69 

00/69 

Soviet  Aviation  Specification  for  titanium  alloy 
bars  for  fasterners,  covers  VT16  alloys 

UR 

AMTU  553-63 

00/63 

Soviet  Aviation  Specification  for  titanium  alloy 
bars  for  fasteners,  covers  alloys  VT3-1  and 
VT16 

UR 

GOST  5303 

00/69 

USSR  State  Standards  Committee  Specification 
for  sponge  titanium,  quality  requirements  for 
certified  products 

UR 

OST19  90000-70 

00/70 

Soviet  Industrial  Specification  for  titanium 
alloys,  stampings  and  forgings,  covers  alloys: 
VT1-00,  VT1-0,  OT4-0,  OT4-1,  OT4,  VT5-1, 
VT5,  VT6S,  VT3-1,  VT8,  VT9,  VT14,  and 
VT20 
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TABLE  1R.  (Continued) 


Ctry 

Code 

Standard 

Number 

Date 

Mo/Yr 

Title  of  Standard 

UR 

OST1.  90002 

00/70 

Soviet  Industrial  Specification  for  titanium 
alloys,  blade  forgings  (supersedes  AMTU  368- 
62  section  on  blade  forgings) 

UR 

OST1.  90006 

00/70 

Soviet  Industrial  Specification  for  titanium 
alloys,  bars  and  stock  for  blade  forgings 
(supersedes  AMTU  518-68) 

UR 

OST1.  90013 

00/71 

Soviet  Industrial  Specification  for  titanium 
alloys,  grades  VT1-00,  OT401,  and  OT4 
(supersedes  AMTU  388-68) 

UR 

0ST1.  90015 

00/71 

Soviet  Industrial  Specification  for  titanium 
welding  rod  wire  (supersedes  AMTU  449-65) 

UR 

OST1.  90024-71 

00/71 

Soviet  Industrial  Specification  for  titanium 
alloys,  plate,  covers  alloys:  VT1-00,  VT1-0, 
OT4-0,  OT4-1,  OT4,  VT5-1,  VT6S,  and  VT14 

UR 

OST1.  90027-71 

00/71 

Soviet  Industrial  Specification  for  titanium 
alloys,  band  (narrow  strip),  covers  alloys: 
VT1-00,  VT1-0,  and  OT4-0 

UR 

OST1.  90107-73 

00/73 

Soviet  Industrial  Specification  for  titanium 
alloys,  wrought  bars,  round  and  square, 
covers  alloys:  VT1-00,  VT1-0,  OT4-0,  OT4-1, 
OT4,  VT5-1,  VT6S,  VT6,  VT3-1,  VT8,  VT9, 
VT14,  VTO0,  and  VT22 

UR 

OST1.  90050-72 

00/72 

Soviet  Industrial  Specification  for  titanium 
alloys,  pipe  rolled  and  drawn,  technical 
specification,  covers  alloys:  VT1-00,  VT1-0, 
OT4-0,  OT4-1,  and  OT4 

UR 

OST1.  90051-72 

00/72 

Soviet  Industrial  Specification  for  titanium 
alloys,  welded  round  pipe,  technical  specifica- 
tion, covers  alloys:  VT1-00,  VT1-0,  and 
OT4-0 

UR 

OST1.  90065-72 

00/72 

Soviet  Industrial  Specification  for  titanium 
alloys,  high  quality  drawn  and  rolled  pipes, 
covers  alloys:  VT1-00,  VT1-0,  and  OT4-0 

UR 

OST1.  90154-74 

00/74 

Soviet  Industrial  Specification  for  titanium 
alloys,  foil,  covers  alloys:  VT1-00  and  VT1-0 

UR 

TU  48-05  03 

00/71 

Soviet  Technical  Specification  for  titanium 
electrolytic  powder  (supersedes  VTU  9-3-67 
no.  19,  VTU  3-30-69  and  VTU  IT  10-68 

TABLE  1R.  (Continued) 


Ctry 

Code 

Standard 

Number 

Date 

Mo/Yr 

Title  of  Standard 

UR 

TU-92-62-6-72 

00/72 

Soviet  Technical  Specification  for  titanium 
alloys,  large  size  round  rolled  wrought  bars, 
covers  alloys:  VT1-0,  OT4-0,  OT4-1,  OT4, 
VT5-1,  VT5,  VT6S,  VT6,  VT3-1.  VT8,  VT9, 
VT14,  VT20,  and  VT22 

UR 

TUI-5-054-72 

00/72 

Soviet  Technical  Specification  for  titanium 
alloy  sheet,  covers  alloy:  AT3 

UR 

TUI-83-21-72 

00/72 

Soviet  Technical  Specification  for  titanium 
alloys,  general  purpose,  large  round  bars, 
covers  alloys:  VT1-00,  VT1-0,  OT4-0,  OT4, 
VT5-1,  VT6S,  VT3-1,  VT8,  VT9,  and  VTT4 

UR 

TUI-92-2  72 

00/72 

Soviet  Technical  Standard  for  stampings  and 
forgings  of  VT22  titanium  alloy 

UR 

TUI-5-055  72 

00/72 

Soviet  Technical  Specification  for  titanium 
alloy  AT3,  rolled  and  wrought  bars 

UR 

TUI -5-058-72 

00/72 

Soviet  Technical  Standard  for  forgings  of  AT3 
titanium  alloy 

UR 

TUI  -5- 107-73 

00/73 

Soviet  Technical  Specification  for  titanium 
alloys,  extruded  pipe,  covers  alloys:  VT1-00, 

VT1-0,  OT4-0,  OT4-1,  and  OT4 

UR 

TUI-5  1 1 1-73 

00/73 

Soviet  Technical  Specification  for  titanium 
alloys,  wide  strip,  covers  alloys:  VT1-00  and 
VT1-0 

* Non  current  standard. 
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TABLE  IS.  CURRENT  CZECHOLSOVAKIAN  STANDARD  NUMBERS  AND  TITLES  COVERING  TITANIUM 
AND  TITANIUM  ALLOYS*9) 


Ctry 

Code 

Standard 

Number 

Date 

Mo/Yr 

Title  of  Standard 

CZ 

CSN  42-1490 

00/69 

Ceskoslovenska  Statni  Norma  (Czechoslovakian 
State  Standard)  for  titanium  sheet,  band  and 
strip,  technical  delivery  code 

CZ 

CSN  42-1491 

00/69 

Ceskoslovenska  Statni  Norma  (Czechoslovakian 
State  Standard)  for  titanium  wires,  technical 
delivery  code 

CZ 

CSN  42-1492 

00/69 

Ceskoslovenska  Statni  Norma  (Czechoslovakian 
State  Standard!  for  titanium  bars,  technical 
delivery  code 

CZ 

CSN  42-1493 

00/69 

Ceskoslovenska  Statni  Norma  (Czechoslovakian 
State  Standaid)  for  seamless  titanium  tubes, 
technical  delivery  code 

CZ 

CSN  42-4655 

00/69 

Ceskoslovenska  Statni  Norma  (Czechoslovakian 
State  Standard)  titanium  unalloyed  99.5  % 

CZ 

CSN  42-7390 

00/69 

Ceskoslovenska  Statni  Norma  (Czechoslovakian 
State  Standard)  for  hot  rolled  titanium  sheets 
and  strips,  dimensions 

CZ 

CSN  42-7391 

00/69 

Ceskoslovenska  Statni  Norma  (Czechoslovakian 
State  Standard)  for  cold  rolled  titanium  sheets, 
bands,  and  strips,  dimensions 

CZ 

CSN  42-7490 

00/69 

Ceskoslovenska  Statni  Norma  (Czechoslovakian 
State  Standard)  for  titanium  round  wires 

CZ 

CSN  42-7590 

00/69 

Ceskoslovenska  Statni  Norma  (Czechoslovakian 
State  Standard)  for  hot  fotmed  titanium  bars, 
dimensions 

CZ 

CSN  42-7591 

00/69 

Ceskoslovenska  Statni  Norma  (Czechoslovakian 
State  Standard)  for  turned  titanium  bars, 
dimensions 

CZ 

CSN  42-7790 

00/69 

Ceskoslovenska  Statni  Norma  (Czechoslovakian 
State  Standard)  for  seamless  titanium  tubes, 
dimensions 

CZ 

ON  42-1496 

00/69 

Ceskoslovenska  Statni  Norma  (Czechoslovakian 
State  Standard)  for  titanium  ingots,  delivery 
code  and  dimensional  standard 

CZ 

ON  42-4656 

00/60 

Ceskoslovenska  Statni  Norma  (Czechoslovakian 
State  Standard)  for  titanium  ingots 

-j 
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TABLE  IT.  CURRENT  JAPANESE  STANDARD  NUMBERS  AND  TITLES  COVERING  TITANIUM  AND 
TITANIUM  ALLOYS<29> 


Ctry 

Code 

Standard 

Number 

Date 

Mo/Yr 

Title  of  Standard 

JA 

JIS  H 2551 

00/69 

Japanese  Industrial  Standard  for 
sponge 

titanium 

JA 

JIS  H 2552 

00/72 

Japanese  Industrial  Standard  for 
titanium  sponge 

compressed 

JA 

JIS  H 4630 

00/75 

Japanese  Industrial  Standard  for 
and  tubes  for  ordinary  piping 

titanium  pipes 

JA 

JIS  H 4631 

00/75 

Japanese  Industrial  Standard  for 
and  tubes  for  heat  exchangers 

*.ianium  pipes 

JA 

JIS  H 4650 

00/75 

Japanese  Industrial  Standard  for 
and  bars 

titanium  rods 

JA 

JIS  H 4670 

00/75 

Japanese  Industrial  Standard  for 
mill  products,  rod  and  wire 

titanium  flat 

TABLE  1U.  CURRENT  ISO  (INTERNATIONAL  STANDARDS  ORGANIZATION)  STANDARD  NUMBERS 
AND  TITLES  COVERING  TITANIUM  AND  TITANIUM  ALLOYS^7) 


Ctry 

Code 

Standard 

Number 

Date 

Mo/Yr 

Title  of  Standard 

XX 

Ductile  Ti 

00/00 

ISO(Draft  Standard)  for  surgical  implants 

XX 

Resilient  Ti 

00/00 

ISO(Draft  Standard)  for  suryical  implants 

XX 

Alloy 

00/00 

ISO(Draft  Standard)  for  surgical  implants 

XX 

ISO/TC  119/SC5 

11/74 

ISO  specifications  for  powder  metallurgy 
materials  (except  hard  metals)  (inc'udes 
titanium) 
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TABLE  IV.  CURRENT  SPANISH  NATIONAL  STANDARD  NUMBERS  AND  TITLES  COVERING 
TITANIUM  AND  TITANIUM  ALLOYS{30> 


Ctry 

Code 

Standard 

Number 

Date 

Mo/Yr 

Title  of  Standard 

SP 

INTA  L-7001* 

00/76 

Instituto  Nacional  de  Tecnica  Aerospacial 
Standard  for  unalloyed  titanium,  grade  1 

SP 

INTA  L-7002* 

00/76 

Instituto  Nacional  de  Tecnica  Aerospacial 
Standard  for  unalloyed  titanium,  grade  2 

SP 

INTA  L-7003* 

00/76 

Instituto  Nacional  de  Tecnica  Aerospacial 
Standard  for  unalloyed  titanium,  grade  3 

SP 

INTA  L-7004* 

00/76 

Instituto  Nacional  de  Tecnica  Aerospacial 
Standard  for  unalloyed  titanium,  grade  4 

SP 

INTA  L-7021* 

00/76 

Instituto  Nacional  de  Tecnica  Aerospacial 
Standard  for  titanium-palladium  alloy 

SP 

INTA  L-7101  * 

00/76 

Instituto  Nacional  de  Tecnica  Aerospacial 
Standard  for  Ti-5AI-2.5Sn  alloy 

SP 

INTA  L-7301  * 

00/76 

Instituto  Nacional  de  Tecnica  Aerospacial 
Standard  for  Ti-6AI-4V  alloy 

SP 

INTA  L-7501  * 

00/76 

Instituto  Nacional  de  Tecnica  Aerospacial 
Standard  for  Ti-2.5Cu  alloy 

SP 

INTA  L-7701  * 

00/76 

Instituto  Nacional  de  Tecnica  Aerospacial 
Standard  for  Ti-3AM3V-1  ICr  alloy 

* Proposed  specifications. 
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TABLE  1W.  OTHER  CURRENT  US  STANDARDS  AND  SPECIFICATIONS  (NSA-NATIONAL  STANDARDS 
ASSOCIATION;  ANSI-AMERICAN  NATIONAL  STANDARDS  INSTITUTE;  NATIONAL 
STOCKPILE  PURCHASE  SPECIFICATIONS)*38) 


Ctry 

Code 

Standard 

Number 

Date 

Mo/Yr 

Title  of  Standard 

US 

NSA  2605,  2705, 
5260,  1266,  2206, 
621,  2325,  2105, 
2306,  2315,  2506, 
2406,  2005,  2125, 
2115,  4004,  6100, 
5800,  4304,  6804, 
4903,  4600,  6403, 
5500,  653 

00/75 

National  Standards  Association  Series  of 
Specifications  for  Dimensional  Tolerances  of  a 
Wide  Variety  of  Titanium  and  Titanium  Alloy 
Fasteners 

US 

P-97- R 5 

08/69 

Titanium  Metal  Sponge  (National  Stockpile 
Purchase  Specification)  Executive  Office  of 
the  President,  Office  of  Emergency 
Preparedness 

US 

ANSI  Z179.1 

00/74 

American  National  Standard  Institute 
of  ASTM  Specification  B265-74 

Equivalent 

US 

ANSI  Z179.13 

00/74 

American  National  Standard  Institute 
of  ASTM  Specification  B299-74 

Equivalent 

US 

ANSI  Z179.16 

05/73 

American  National  Standard  Institute 
of  ASTM  Specification  B367-74 

Equivalent 

US 

ANSI  Z 179.2 

00/74 

American  National  Standard  Institute 
of  ASTM  Specification  B344-74 

Equivalent 

US 

ANSI  H5091 

11/72 

American  National  Standard  Institute 
of  ASTM  Specification  B363-71 

Equivalent 

US 

ANSI  H50.2 

00/74 

American  National  Standard  Institute 
of  ASTM  Specification  B338-74 

Equivalent 

REFERENCES 


REFERENCES 


European  References 

!.  Technical  Supply  Conditions  for  Semi-fabricated  Products  of  Titanium  and  Titanium  Alloys, 
a trilingual  publication  of  the  Technical  Committee  of  European  Titanium  Producers,  Imperial 
Metal  Industries  Ltd.,  Birmingham,  England;  Fried.  Krupp  GmbH,  Krupp  Metall-und 
Schmiedewerke,  Essen,  Germany;  Contimet  Titanium,  Division  of  Thyssen  Edelstahlwerke  AG, 
Krefeld,  Germany;  and  Pechiney  Ugine  Kuhlman  (PUG),  Paris,  France  (1975). 


2.  Conversion  Charts,  Data  Sheets  and  Equivalence  Lists  for  American  Aircraft  Materials,  North 
Atlantic  Council,  No.  AC/82-D/4  part  A,  NATO,  Paris  XVIe  or  Brussels,  Belgium. 

The  most  complete  lists  of  roughly  similar  materials  are  the  NATO  AC/82-D/4  publications. 
The  current  metals  editions  are: 


Section  I: 

Section  II: 
Section  III: 
Section  IV: 
Section  V: 
Section  VI: 
Section  VII: 
Section  VIII 
Section  IX: 


Aluminum  - 3rd  Edition  (December  1965),  (revised  4th  edition  being 
reproduced). 

Steels,  Vols.  1,  II,  and  III,  4th  edition  (July  1971). 

Magnesium  - 3rd  Edition  ^December  1966),  (due  for  revision  1975). 
Copper  - 3rd  Edition  (December  1964). 

Nickel  - 4th  Edition  (October  1972). 

Protective  Surface  Treatments  - 3rd  Edition  (December  1968). 

Cobalt  - 4th  Edition  (October  1972). 

Lead  - 3rd  Edition  (December  1962). 

Titanium  - 4th  Edition  (December  1972),  (scheduled  for  revision). 


These  nine  mentioned  sections  of  the  NATO  AC/82-D4  publications  are  good  documentation 
for  equivalent  information  of  U.S.  and  foreign  alloys  for  materials  such  as  aluminum,  steel, 
magnesium,  copper,  nickel,  cobalt,  lead,  and  titanium. 


3.  Material  Properties  Handbook,  Volume  III,  Magnesium,  Nickel,  and  Titanium  Alloys,  The 

Technical  Department  of  the  Royal  Aeronautical  Society  for  the  Structures  and  Materials  Panel 
of  the  Advisory  Group  for  Aeronautical  Research  and  Development  (1963). 

Volume  III,  Magnesium,  Nickel,  and  Titanium  Alloys,  contains  alloy  designations,  alloy  chemical 
compositions,  equivalents,  and  properties  of  magnesium-base,  nickel-base,  and  titanium-base 
alloys. 


British  References 

4.  Ross,  Robert  B.,  Metallic  Materials  and  Specification  Handbook,  2nd  Edition,  E&FN  Spon. 
Ltd.,  London,  distributed  by  Halsted  Press,  New  York,  a division  of  John  Wiley  & Sons, 
New  York  (1972),  pp  679-692. 
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Preceding  page  blank 


5.  British  Standards  Yearbook,  Aerospace  Series:  Titanium  and  CP  Series,  BS1  British  Standards 
Institution  (1976),  PP  807-810  and  p 746,  respectively. 

6.  Correlation  of  British  Standard  Numbers  and  DTD  Specifications  with  1MI  Alloy  Equivalent 
Nominal  Compositions,  Forms  Available  and  Mechanical  Properties,  compiled  and  furnished  by 
Imperial  Metal  Industries  Ltd.,  New  Metals  Division,  (Kynoch),  Birmingham,  England. 

7.  Correlation  of  International  Standards  with  IMI  Equivalents  and  Forms  Available.  The  standards 
or  specifications  include  DTD,  British  Standards  (Aerospace  Series),  ISO  draft  specifications, 
A.E.C.M.A.  Specifications,  French  AIR  Standards,  German  LW  or  BWB  specifications,  T.U.V. 
specifications,  DIN  specifications  and  ASTM  specifications.  Compiled  and  furnished  by 
Imperial  Metal  Industries  Ltd.,  New  Metals  Division,  (Kynoch),  Birmingham,  England. 

8.  Correlation  Data  on  Titanium  Usage  Patterns  for  IMI  Alloys,  compiled  and  furnished  by 
Imperial  Metal  Industries,  New  Metals  Division,  (Kynoch),  Birmingham,  England. 

Czechoslovakian  References 

9.  Correspondence  from  the  Czechoslovakian  Standards  Organization,  CSN,  Praha,  Czechoslovakia. 

French  References 

10.  NF,  AFNQR  Catalogue  des  Normcs  Franaises,  AFNOR,  Association  Franaise  de  Normalisation, 
Paris,  France  (1975). 

11.  Titanium,  Descriptive  Catalogue  of  Titanium  and  Its  Alloys,  Ugine  Aciers,  Titanium  Department, 
Paris,  France  (May  1973). 

12.  Titanium,  Heat  Treatment  Processing  and  Fabrication,  Ugine  Aciers,  Titanium  Department, 

Paris,  France  (1971). 

13.  A Titanium  Alloy  with  Improved  Mechanical  Resistance,  de  Gelas,  B.,  Molinier,  R.,  Seraphin,  L., 
Armand,  M.,  Tricot,  R.,  Ugine  Aciers,  Centre  de  Recherches  Metallurgiques  d’Ugine  (France), 
delivered  at  a Moscow  meeting  (March  1976). 

14.  Bourgeouis,  G.  Sertour,  Utilization  du  Titane  et  de  ses  Alliages  dans  la  Fabrication  des 
Helicopteres  et  des  Cellules  deviation.  Review  de  Metallurgy  (January  1974). 

15.  Molinier,  R.,  Seraphin,  L.,  Tricot,  R.,  and  Castro,  R.,  Les  Alliages  de  Titane.  Alpha-Beta 
Ti-6  Al-4,  Ti-6  V-2  Sn  et  Ti-6  V-2  Sn-6  Zr.  Reveu  de  Metallurgie  (January  1974), 

pp  37-39,  45,  49. 

16.  Brunetaud,  R.,  Materials  for  the  Aerospace  Industries,  Annales  des  Mines  (May-June  1974), 
pp  67-76. 
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German  References 


17.  DIN  Normblatt-  Verzeichnis,  German  Standards  Catalogue,  Beuth-  Vertrieb  GmbH,  Berlin- 
Koln-Frankfurt,  West  Germany  (1975),  pp  362-363. 

18.  Properties  of  Titanium  and  Titanium  Alloys,  New  SI  Units,  Con  timet.  Titanium  Division  of 
Thyssen  Edelstahlwerke  AG,  Krefeld,  West  Germany  (1972). 

19.  Degusa,  List  of  Products  Catalogue,  Degussa,  Frankfurt,  West  Germany  (1975),  pp  50,  133. 

20.  Titanium  TIKRUTAN  (R)  English  Edition,  Krupp  Metall-und  Schmiedewerke,  Essen,  West 
Germany  (1974). 

21.  Correlation  data  compiled  by  Krupp  Metall-und  Schmiedewerke,  Essen,  West  Germany 

22.  Le  Titane  TIKRUTAN  ,§),  French  Edition.  Krupp  Metall-und  Schmiedewerke,  Essen,  West 
Germany  (1971). 

23.  Titan-Information,  TIKRUTAN  ®,  German  Edition,  Krupp  Metall-und  Schmiedewerke,  Essen 
West  Germany. 

24.  Titan-Information,  der  ideale,  Werkstoff  fur  den  Flugzeug-und  Flugkorperbau,  German  Edition, 
Krupp  Metall-und  Schmiedewerke,  Essen,  West  Germany. 

25.  Titanium,  English  Edition,  Otto  Fuchs  Metallwerke,  Meinerzhagen,  West  Germany. 

26.  Titan,  (VDM),  German  Edition,  Vereinigte  Deutsche  Metallwerke  AG,  West  Germany. 

27.  Werkstoff-Leislungsblatt,  correspondence  from  Bundesamt  fur  Wehrtechnik  und  Beschaffung, 
Koblenz,  West  Germany  (1976);  Ti  99.5  3.7024  (1962);  Ti  99.4  3.7064  (1962);  Ti  99.2 
3.7064  (1962);  Ti  A15  Sn2  3.7114  (July  1974);  Ti  Cu2  3.1724  (July  1974);  Ti  A16  Sn2  Zn4 
Mo2  3.7144  (July  1974);  Ti  A16  V4  3.7164  (December  1973). 

28.  Werkstoff-Handbuch  der  Deutschen  Luftfahrt,  Teil  1,  Metallische  Werkstoffe,  Beuth-Vertrief 
GmbH,  Koln,  Germany  (1968). 

Shows  alloy  designations  and  compositions  of  alloys,  numerous  foreign  equivalents,  and  proper- 
ties of  the  light  metals  used  in  aircraft.  The  handbook  has  a loose  leaf  format,  with  the  ability 
to  be  updated. 
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APPENDIX  1.  COUNTRY  CODE 
(Alphabetical  by  Country) 


Ctry 

Code 

Country 

AR 

Argentina 

AT 

Australia 

AU 

Austria 

BE 

Belgium 

BR 

Brazil 

BU 

Bulgaria 

CN 

Canada 

CH 

China  (Main  Land) 

CZ 

Czechoslovakia 

DE 

Denmark 

EU 

Europe 

FI 

Finland 

FR 

France 

GE 

Germany  (East) 

GY 

Germany  (West) 

GR 

Greece 

HU 

Hungary 

IN 

India 

IT 

Italy 

JA 

Japan 

MX 

Mexico 

NE 

Netherlands 

NZ 

New  Zealand 

NO 

Norway 

PO 

Poland 

PT 

Portugal 

RU 

Rumania 

SP 

Spain 

sw 

Sweden 

sz 

Switzerland 

TW 

Taiwan,  Formosa 

UA 

Union  of  South  Africa 

UK 

United  Kingdom 

US 

United  States 

UR 

USSR  (Russia) 

XX 

World-Wide 

YU 

Yugoslavia 

— 


AM 


Company  Code 


C-0001 

C-0002 

C-0003 

C-0004 

C-0005 

C-0006 

C-0007 

C-0008 

C-0009 

C-0010 

C-0011 

C-0012 

C-0013 

C-0014 

C-0015 

C-0076 

C-0017 

C-0018 

C-0019 

C-0020 

C-0021 

C-0022 

C-0023 

C-0024 

C-0025 

C-0026 

C-0027 

C-0028 

C-0029 

C-0030 

C-0031 

C-0032 

C-0033 

C-0034 

C-0035 

C-0036 

00037 

C-0038 

00039 

00040 

00041 

00042 

00043 

00044 


APPENDIX  2.  COMPANY  CODE 
(Numerical  by  Company  Code) 


Company  Name  and  City 
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RMl  Company  (Formerly  Reactive  Metals,  Inc.),  Niles,  Ohio 

Crucible,  Inc.,  Specialty  Metals,  Colt  Industries,  Syracuse,  New  York 

Armco  Steel  Corp.,  Advanced  Materials  Division  (ARMCO),  Middletown,  Ohio 

Titech  International,  Inc.  (TITECH),  Pomona,  California 

Teledyne  Titanium,  Inc.  (Teledyne  Ti),  Monroe,  New  York 

Teledyne  Allvac  (ALLVAC),  Monroe,  North  Carolina 

Oregon  Metallurgical  Corporation  (Ormet),  Albany,  Oregon 

Gould  Laboratories,  Gould,  Inc.  (Formerly  Brush  Beryllium  Co.),  Cleveland,  Ohio 

Republic  Steel  Corporation,  Cleveland,  Ohio 

Harvey  Aluminum  Co.  (Martin  Marietta),  Torrance,  California 

Imperial  Metal  Industries,  Ltd.  (IMI),  (KYNOCH),  Birmingham,  England 

Imperial  Chemical  Industries,  (See  Imperial  Metal  Industries) 

Jessop-Saville,  Ltd.,  (Now  Imperial  Metal  Ind.),  Birmingham,  England 
Ti  Aluminum  Co.,  Ltd.,  London,  England 
Blackwell's  Metallurgical,  Ltd.,  Lancashire,  England 
Kock  Light  Alloys,  Ltd.,  London,  England 

Krupp  Metal l-und-Schmiedewerke,  Fried.  Krupp  GmbH,  Essen,  W.  Germany 
Ugine,  Aciers  Electriques  de  Ugine,  (Div.  of  PUG),  Savoie,  France 
Avesta  Jernverks  Aktiebolag,  Avesta,  Sweden 

Howmet  Corporation,  Superalloy  Group  (Div.  of  PUG),  Muskegon,  Michigan 

Precision  Castparts  Corporation,  Portland,  Oregon 

REM  Metals  Corporation,  Albany,  Oregon 

Tiline,  Subsidiary  of  Whittaker  Corporation,  Albany,  Oregon 

Osaka  Titanium  Co.,  Ltd.  (Osaka),  Amagasaki,  Japan 

Toho  Titanium  Co.,  Ltd.  (Toho),  Chigasaki  Kangawa,  Japan 

Shin  Kinyoku  (Affilliate  of  Japanese  Chemical  Concerns),  Japan 

Titanium-Magnesium  Plant,  Zaporosh'ye,  USSR 

Titanium-Magnesium  Plant,  Berezniki,  USSR 

Titanium-Magnesium  Plant,  USk'  Kamenogorsk,  USSR 

Titanium  West,  Inc.,  Reno,  Nevada 

Pechiney-Ugine-Kuhlman  (PUG),  Paris,  France 

Crucible  Materials  Research  Cen.,  Colt  Industries,  Inc.,  Pittsburgh,  Pennsylvania 

Non-Ferrous  International  Corporation,  New  York,  New  York 

Nuc.  Materials  Environment  Corp.  Div.  of  Babcock-Wilcox,  Pittsburgh,  Pennsylvania 

Nuclear  Metals  Division  of  Whittaker  Corporation,  West  Concord,  Massachusetts 

Penn.  Nuclear  Corporation,  Pennsylvania,  Pennsylvania 

Dynamet  Technology,  Burlington,  Massachusetts 

Welded  Carbide  Company,  Inc.,  Clifton,  New  Jersey 

Mallory-Sharon  Titanium  Corporation,  (Now  RMl  Company),  Niles,  Ohio 

Carpenter  Technology  Corporation,  Reading,  Pennsylvania 

Sandvik  Steel  Works,  Sandviken,  Sweden 

Kobe  Steel  Co.,  Ltd.,  Kobe,  Japan 
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Company 

C-0045 

C-0046 

C-0047 

C-0048 

C-0049 

C-0050 

C-0051 

C-0052 

C-0053 

00054 

00055 

00056 

00057 

00058 

00059 

00060 
00061 
00062 

00063 

00064 

00065 


Company  Name  and  City 

Nippon  Stainless  Steel  Co.,  (Orig.  Sumitomo  Light  Met.  Ind.),  Tokyo,  Japan 
Thyssen  Edelstahlwerke,  AG,  Titanium  Division.  (Contimet),  Krefeld,  W.  Germany 
Degussa,  Frankfurt/Main,  W.  Germany 

Contimet  GmbH  (Now  Thyssen  Edelstahlwerke  Ab,  Titanium  Division),  Krefeld,  W.  Germany 
Chicago  Development  Corporation,  Ashland,  Virginia 
Dynamit  Nobel  AG,  Troisdorf,  W.  Germany 

Standard  Steel  (Baldwin-Lime-Hamilton),  (Div.  of  TMCA),  Burnham,  Pennsylvania 
Ventron  Corporation,  Alpha  Products,  Danvers,  Massachusetts 

G. O.  Carlson,  Inc.,  Thorndale,  Pennsylvania 

Otto  Fuchs  Metallwerke,  Meinerzhagen,  W.  Germany 
Telydyne,  Rodney  Metals,  New  Bedford,  Massachusetts 

H. M.  Harper  Company,  Morton  Grove,  Illinois 
Consolidated  Astronautics,  Inc.,  Hauppauge,  New  York 
Shieldalloy  Corp.,  Newfield,  New  Jersey 

Metal  Hydrides,  Inc.,  Beverly,  Massachusetts 

Metals  Disintegrating  Company,  Elizabeth,  New  Jersey 

Kawecki  Berylco  Industries,  Inc.,  (Zirconium  Tech.  Div.),  Albany,  Oregon 

Techalloy  Co.,  Inc.,  Rahns,  Pennsylvania 

Vereinigte  Deutsche  Metallwerke,  AG  (VDM),  Werdohl,  W.  Germany 
Electronics  Space  Products,  Inc.,  Los  Angeles,  California 
Chemalloy  Company,  Inc.,  Bryn  Mawr,  Pennsylvania 


APPENDIX  3.  COMPANY  CODE 
(Alphabetical  by  Company) 


Company  Code 


C-0005 
C-0021 
C-001 7 
C-0042 
C-0065 
C-0049 
C-0057 
C-0048 
C-0004 
C-0034 
C-0047 
C-0039 
C-0050 
C-0064 
C-0010 
C-0053 
C-001 2 
C-0022 
C-0056 
C-0014 
C-0013 
C-0015 
C-0061 
C-0044 
C-001 8 
C-001 9 
C-0041 
C-0002 
C-0060 
C-0059 
C-0045 
C-0035 
C-0037 
C-0036 
C-0009 
C-0026 
C-0054 
C-0033 
C-0038 
C-0023 
C-0024 
C-001 1 
C-0003 


Company  Name  and  City 


Armco  Steel  Corp.,  Advanced  Materials  Division  (ARMCO),  Middletown,  Ohio 

Avesta  Jernverks  Aktiebolag,  Avest,  Sweden 

Blackwell's  Metallurgical,  Ltd.,  Lancashire,  England 

Carpenter  Technology  Corporation.  Reading,  Pennsylvania 

Chemalloy  Company,  Inc.,  Bryn  Mawr,  Pennsylvania 

Chicago  Development  Corporation,  Ashland,  Virginia 

Consolidated  Astronautics,  Inc.,  Hauppauge,  New  York 

Contimet  GmbH  (Now  Thyssen  Edeistahwerke  Ag,  Titanium  Division),  Krefeld,  W.  Germany 

Crucible  Inc.,  Specialty  Metals,  Colt  Industries,  Syracuse,  New  York 

Crucible  Materials  Research  Cen.,  Colt  Industries,  Inc.,  Pittsburgh,  Pennsylvania 

Degussa,  Frankfurt/Main,  W.  Germany 

Dynamet  Technology,  Burlington,  Massachusetts 

Dynamit  Nobel  Ag,  Troisdorf,  W.  Germany 

Electronics  Space  Products,  Inc.,  Los  Angeles,  California 

Gould  Laboratories,  Gould  Inc.,  (Formerly  Brush  Beryllium  Co.)  Cleveland,  Ohio 

G. O.  Carlson  Inc.,  Thorndale,  Pennsylvania 

Harvey  Aluminum  Co.  (Martin  Marietta),  Torrance,  California 

Howmet  Corporation,  Superalloy  Group  (Div.  of  PUG),  Muskegon,  Michigan 

H. M.  Harper  Company,  Morton  Grove,  Illinois 

Imperial  Chemical  Industries,  (See  Imperial  Metal  Industries) 

Imperial  Metal  Industries,  Ltd.  (IMI),  (KYNOCH),  Birmingham,  England 
Jessop-Saville,  Ltd.,  (Now  Imperial  Metal  Industries),  Birmingham,  England 
Kawecki  Berylco  Industries,  Inc.,  (Zirconium  Tech.  Div.),  Albany,  Oregon 
Kobe  Steel  So.,  Ltd.,  Kobe,  Japan 
Kock  Light  Alloys,  Ltd.,  London,  England 

Krupp  Metall-und-Schmiedewerke,  Fried,  Krupp  Gmbh,  Essen,  W.  Germany 
Mallory-Sharon  Titanium  Corporation,  (Now  RMI  Company),  Niles,  Ohio 
Martin  Marietta  Aluminum,  Titanium  Division,  Torrance,  California 
Metals  Disintegrating  Company,  Elizabeth,  New  Jersey 
Metal  Hydrides,  Inc.,  Beverly,  Massachusetts 

Nippon  Stainless  Steel  Co.,  (Orig.  Sumitomo  Light  Met.  Ind.),  Tokyo,  Japan 

Non-Ferrous  International  Corporation,  New  York,  New  York 

Nuclear  Metals  Division  of  Whittaker  Corporation,  West  Concord,  Massachusetts 

Nuc.  Materials  Environment  Corp.,  Div.  of  Babcock-Wilcox,  Pittsburgh,  Pennsylvania 

Oregon  Metallurgical  Corporation  (Oremet),  Albany,  Oregon 

Osaka  Titanium  Co.,  Ltd.  (Osaka),  Amagasaki,  Japan 

Otto  Fuchs  Metallwerke,  Meinerzhagen,  W.  Germany 

Pechiney-Ugine-Kuhlman  (PUG),  Paris,  France 

Penn.  Nuclear  Corporation,  Pennsylvania,  Pennsylvania 

Precision  Castparts  Corporation,  Portland,  Oregon 

REM  Metals  Corporation,  Albany,  Oregon 

Republic  Steel  Corporation,  Cleveland,  Ohio 

RMI  Company  (Formerly  Reactive  Metals,  Inc.)  Niles,  Ohio 
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Company 

C-0043 

C-0058 

C-0028 

C-0051 

C-0062 

C-0008 

C-0007 

C-0055 

C-0046 

C-0025 

C-0001 

C-0032 

C-0030 

C-0031 

C-0029 

C-0006 

C-0016 

C-0027 

C-0020 

C-0052 

C-0063 

00040 


Code  Company  Name  and  City 

Sandv...  Steel  Works,  Sandviken,  Sweden 
Shieldalloy  Corp.,  Newfield,  New  Jersey 

Shin  Kinyoku  (Affilliate  of  Japanese  Chemical  Concerns),  Japan 

Standard  Steel  (Baldwin-Uma-Hamilton),  (Div.  of  TMCA),  Burnham,  Pennsylvania 

Techalloy  Co.,  Inc.,  Rahns,  Pennsylvania 

Teledyne  Allvac  (ALLVAC),  Monroe,  North  Carolina 

Teledyne  Titanium,  Inc.  (Teledyne  Ti),  Monroe,  North  Carolina 

Telydyne,  Rodney  Metals,  New  Bedford,  Massachusetts 

Thyssen  Edelstahlwerke  Ag,  Titanium  Div.  (Contimet),  Krefeld,  W.  Germany 

Tiline,  Subsidiary  of  Whittaker  Corporation.  Albany,  Oregon 

Titanium  Metals  Corporation  of  American,  Timet  Div.  (TMCA),  Pittsburgh,  Pennsylvania 

Titanium  West,  Inc.,  Reno,  Nevada 

Titanium-Magnesium  Plant,  Berezniki,  USSR 

Titanium-Magnesium  Plant,  Usk'  Kamenogorsk,  USSR 

Titanium-Magnesium  Plant,  Zaporosh'ye,  USSR 

Titech  International,  Inc.,  (Titech),  Pomona,  California 

Ti  Aluminum  Co.,  Ltd.,  London,  England 

Toho  Titanium  Co.,  Ltd.  (Toho),  Chigasaki  Kangawa,  Japan 

Ugine,  Aciers  Electriques  de  Ugine,  (Div.  of  PUG),  Savoie,  France 

Ventron  Corporation,  Alpha  Products,  Danvers,  Massachusetts 

Vereinigte  Deutsche  Metallwerke,  Ag  (VDM),  Werdohl,  W.  Germany 

Welded  Carbide  Company,  Inc.,  Clifton,  New  Jersey 


APPENDIX  4.  UNIFIED  NUMBERING  SYSTEM 
{Numerical  by  UNS  Number^35) 


Unified 

Numbering 

System 

(UNS) 

Nominal  Composition 
(Computerized  Format) 

ASTM 

Grade 

Hydrogen  Level, 
ppm 

R50250 

Ti-unalloyed-99.6,CP,-25  ksi  YS 

Grade  1 

150  ppm  hydrogen 

R50251 

Ti-unalloyed-99.6,CP,-25  ksi  YS 

Grade  1 

125  ppm  hydrogen 

R50252 

Ti-unalloyed-99.6,CP,-25  ksi  YS 

Grade  1 

100  ppm  hydrogen 

R 50400 

Ti-unalloyed-99.5,CP,-40  ksi  YS 

Grade  2 

150  ppm  hydrogen 

R50401 

Ti-unalloyed-99.5,CP,-40  ksi  YS 

Grade  2 

125  ppm  hydrogen 

R 504 02 

Ti-unatloyed-99.5,CP,-40  ksi  YS 

Grade  2 

100  ppm  hydrogen 

R50550 

Ti-una!!oyed*99.2,CP,-55  ksi  YS 

Grade  3 

150  ppm  hydrogen 

R50551 

Ti-unalloyed-99.2,CP,-55  ksi  YS 

Grade  3 

125  ppm  hydrogen 

R 50552 

Ti-unalloyed-99.2,CP,-55  ksi  YS 

Grade  3 

100  ppm  hydrogen 

R50700 

Ti-unalloyed-99.0,CP,-70  ksi  YS 

Grade  4 

150  ppm  hydrogen 

R 50701 

Ti-unalloyed-99.0,CP,-70  ksi  YS 

Grade  4 

125  ppm  hydrogen 

R 50702 

Ti-unalloyed-99.0,CP,-70  ksi  YS 

Grade  4 

100  ppm  hydrogen 

R52250 

Ti-PdO.  15-0.20  -25  ksi  YS 

Grade  1 1 

150  ppm  hydrogen 

R52251 

Ti-PdO.  15-0.20  -25  ksi  YS 

Grade  11 

125  ppm  hydrogen 

R52252 

Ti-PdO.  15-0.20  -25  ksi  YS 

Grade  1 1 

100  ppm  hydrogen 

R52253 

Ti-PdO.  15-0.20  -25  ksi  YS 

Grade  C8A 

B367  casting 

R52400 

Ti-Pd0.25 -0.20  -40  ksi  YS 

Grade  7 

150  ppm  hydrogen 

R52401 

Ti-PdO.15--0.20  -40  ksi  YS 

Grade  7 

125  ppm  hydrogen 

R 52402 

Ti-Pd0.15-0.20  -40  ksi  YS 

Grade  7 

100  ppm  hydrogen 

R52403 

Ti-PdO.  15-0.20  -40  ksi  YS 

Grade  7 

B367,  0.1 2Pd  min 

R52552 

Ti-PdO.  15-0.20  -55  ksi  YS 

Grade  C8A 

R52702 

Ti-Pd0.15--0.20  -70  ksi  YS 

Grade  C8B 

B367  casting 

R 54520 

Ti-AI5-Sn2.5 

Grade  6 

200  ppm  hydrogen 

R54521 

Ti-AI5-Sn2.5 

Grade  6 

125  ppm  hydrogen 

R54522 

Ti-AI5-Sn2.5 

Grade  6 

100  ppm  hydrogen 

R54523 

Ti-AI5-Sn2.5 

Grade  6 

IN  B381 

R56320 

Ti-AI3-V2.5 

Grade  9 

IN  B337,  B338 

R 56400 

Ti-AI6-V4 

Grade  5 

150  ppm  hydrogen 

R 56401 

Ti-AI6-V4 

Grade  5 

125  ppm  hydrogen 

R 56402 

Ti-AI6-V4 

Grade  5 

100  ppm  hydrogen 

R56403 

Ti-AI6-V4 

Grade  5C 

IN  B367  at  0.25  O 

R58030 

Ti-Mo  1 1.5-Sn4.5-Zr6 

Grade  10 

200  ppm  hydrogen 

R 58031 

Ti-Mo  11.5-Sn4.5Zr6 

Grade  10 

150  ppm  hydrogen 
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APPENDIX  5.  STANDARD  ORGANIZATIONS  OF  THE  WORLD  GENERATING  TITANIUM  AND  TITANIUM  ALLOY 
STANDARDS  AND  SPECIFICATIONS  (Alphanumerical  by  Country) 


Ctry 

Code 

Country 

Standard 

Acronym 

Name  and  Address  of 
Standard  Organization 

CZ 

Czechoslovakia 

CSN 

CSN,  ON:  Urad  Pro  Normalizaci  a Mereni,  Nove 
Mesto  Vaclavske  Namesti  C.  19,  11347  Praha  1, 
Czechoslovakia 

FR 

France 

AFNOR 

AFNOR,  NF:  Association  Francaise  de  Normali- 
sation, Tour  Europe,  Cedex  7,  920800  Paris- La 
Defense,  France 

FR 

France 

AIR 

AIR:  Ministere  des  Armees,  Repertoire  des 
Reglements  AIR.  Documents  are  available  from 
the  Center  de  Documentation  de  L'Armement 
(CEDOCAR),  26  BD  Victor,  75996,  Paris  Armees, 
France 

EU 

FR 

Europe 

France 

AECMA 

AECMA:  Association  Europeene  Constructeurs 
de  Material  Aerospatial,  (European  Association 
of  Airframe  Manufactures),  (formerly  AICMA: 
Association  Internationale  des  Constructeurs  de 
Material  Aerospatial),  BNAE,  8,  Rue  Moreau 
Vanthie,  92,  Boulogne-Billancourt,  Paris,  France 

GY 

W.  Germany 

DIN 

DNA,  DIN:  Deutscher  Normenausschuss,  4-7 
Burggrafenstrasse  Postfach  1107,  1 Berlin  30, 
West  Germany 

GY 

W.  Germany 

L.W. 

L.W.:  Luftfahrt  Werkstoffe  Specifications:  (also 
referred  to  as  Aviation  Aircraft  Materials). 

These  specifications  are  also  referred  to  as  (WL) 
Werkstoff-Leistungsblatter  der  Deutschen  Luftfahrt 
(Material  Properties  for  the  German  Aviation 
Industry).  These  specifications  are  also  referred  to 
as  B.W.B.  Bundesamt  fur  Wehrtechnik  und 
Beschaffung  (BWB),  (Federal  Defense  Engineering 
and  Procurement  Deparment)  5400  Koblenz  1, 
Postfach  7360,  West  Germany 

GY 

W.  Germany 

VdTuV 

VdTuV:  Vereinigung  der  Technischen 
Uberwachungsvereine  Ev,  (German  Association 
for  Technical  Supervision),  Postfach  1790, 
Rottstrasse  17,  4300  Essen,  West  Germany 

GE 

E.  Germany 

DIN 

DNA,  DIN:  Deutscher  Normenausschuss,  4-7 
Burggrafenstrasse,  Postfach  1 107,  1 Berlin  30, 
West  Germany 

UK 

United  Kingdom 

BS 

BSI,  BS:  British  Standards  Institution,  2 Park 
Street,  London  W1A  2BS,  England 

AS- 1 


Ctry 

Code 

Country 

Standard 

Acronym 

Name  and  Address  of 
Standard  Organization 

UK 

United  Kingdom 

DTD* 

DTD:  Director  of  Materials  Research  and 
Development,  Ministry  of  Defence,  PE 
(Procurement  Executive),  St.  Giles,  Court  1-13 
High  Street,  London,  W.  C.  2,  England 

XX 

International 

ISO 

ISO:  International  Organization  for 
Standardization,  1,  Rue  de  Varembe,  1211  Geneve 
20,  Switzerland/Suisse 

JA 

Japan 

JIS 

JISC,  JIS:  Japanese  Industrial  Standards 
Committee,  Agency  of  Industiial  Science  and 
Technology,  Ministry  of  international  Trade  and 
Industry,  3-1  Kasumigasekil  Chiyodaku, 

Tokyo,  Japan 

SP 

Spain 

INTA 

INTA:  Instituto  Naciona!  de  Tecnica  Aerospacial 
Paseo  Pintor  Rosales,  34,  Madrid  8,  Spain 

US 

United  States 

AMS 

AMS:  Aerospace  Material  Specification,  SAE, 
Society  of  Automotive  Engineers  Inc.,  400 
Commonwealth  Drive,  Warrendale,  Pa  15096,  USA 

US 

United  States 

ANSI** 

ANSI:  American  National  Standards  Institute, 
1430  Broadway,  New  York,  NY  10018,  USA 

US 

United  States 

ASTM 

ASTM:  American  Society  for  Testing  and  Materials, 
1916  Race  Street.  Philadelphia,  Pa  19103,  USA 

US 

United  States 

AWS 

AWS:  American  Welding  Society,  2501  NW  7th 
Street,  Miami,  FI  33125,  USA 

US 

United  States 

MIL 

MIL:  US  Military  Specifications,  Engineering 

Specifications  and  Standards  Divisions  Naval 

Air  Engineering  Center,  Philadelphia,  Pa  19112  USA 

US 

United  States 

NBS*** 

NBS.  National  Bureau  of  Standards,  US 
Department  of  Commerce.  Gaithersburg,  Md  20234 
USA 

US 

United  States 

NSA 

NSA:  National  Standards  Association,  1321  14th 
Street,  NW,  Washington,  DC  20005  USA 

US 

United  States 

US 

National  Stockpile  Purchase  Specification, 

Executive  Office  of  the  President,  Office  of 
Emergency  Preparedness,  Specification  Prepared 
and  Issued  by  the  Office  of  Industrial  Materials 
Business  and  Defense  Services  Administration 
Department  of  Commerce,  Between  Constitution 
Avenue  and  E Street  NW,  Washington  DC  20230  USA 

UR 

USSR 

AMTU 

AMTU:  Aviation  Metallurgical  Specifications, 
address  unconfirmed 

UR 

USSR 

GOST 

GOST:  Gosudarstvennyi  Komitet  Standariov 
(State  Standards)  mer  Izmeritel  NYH  Priborov 
PRI,  38  Kvartal  Jugozapada,  Lorpus  189-A, 
Pmoskva  V-421,  USSR 
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Ctry 

Code 

Country 

Standard 

Acronym 

Name  and  Address  of 
Standard  Organization 

UR 

USSR 

OST1 . 

OST1.:  Industrial  Standards,  address  unconfirmed 

UR 

USSR 

STU 

STU:  Technical  Specifications  of  a Sovnakhoz, 
address  unconfirmed 

UR 

USSR 

TU 

TU:  Technical  Specifications,  address  unconfirmed 

* DTD:  Director  of  Materials  Research  and  Development,  Ministry  of  Defence,  (previously  known  as 

Ministry  of  Aviation  and  then  later  the  Ministry  of  Technology),  DTD  formerly  generated  the  majority  of 
the  Titanium  Standards  in  UK,  now  the  UK  Titanium  Standards  are  essentially  the  responsibility  of  the 
British  Standards  Institute  (Aerospace  Series). 

s 

**  ANSI:  American  National  Standards  Institute  an  ISO  Member  is  the  centralized  and  sole  agency  in  the  US 
for  the  sale  and  distribution  of  the  National  Standards  of  the  World. 

***  NBS:  National  Bureau  of  Standards  (Standards  Library),  is  the  centralized  US  repository,  for  reference 
purposes,  of  the  National  Standards  of  the  World. 


A5-3 


APPENDIX  6.  NONCURRENT  NATIONAL  STANDARDS  FOR  TITANIUM  AND  TITANIUM  ALLOYS 
WITH  TITLES  (Alphanumerical  fay  Country  and  by  National  Standards) 


Ctry 

Code 

Standard  Number 

Date 

Mo.Yr 

Title  of  Standard 

UK 

BS  TA  17 

12.68 

Aerospace  series  specifications  for  titanium- 
aluminium-tin  alloy  forgings,  (tensile 
strength  79-108  HBar),  (max.  section 
150mm). 

UK 

BS  TA  29 

00.68 

Aerospace  series  ^specifications  for  titanium- 
aluminium-molybdenum-tin-silicon  alloy  bars 
for  machining,  (tensile  strength 
114-136  HBar),  (max.  section  25mm). 

UK 

BS  TA  30 

07.69 

Aerospace  series  specifications  for  titanium- 
aluminium-molybdenum-tin-silicon  alloy 
forging  stock,  (tensile  strength 
114-136  HBar),  (max.  section  25mm), 
(partially  supersedes  DTD  5103). 

UK 

BS  TA  31 

07.69 

Aerospace  series  specifications  for  titanium- 
aluminium-molybdenum-tin-silicon  alloy 
forgings,  (tensile  strength  114-136  HBar), 
(max.  section  25mm),  (partially  supersedes 
DTD  5153). 

UK 

BS  TA  32 

07.69 

Aerospace  series  specifications  for  titanium- 
aluminium-molybdenum-tin-silicon  alloy  for 
machining,  (tensile  strength  105-127  HBar), 
(max.  section  75mm),  (partially  supersedes 
DTD  5103). 

UK 

BS  TA  33 

07.69 

Aerospace  series  specifications  for  titanium- 
aluminium-tin-silicon  alloy  forging  stock, 
(tensile  strength  105-127  HBar),  (max. 
section  75mm),  (partially  supersedes 
DTD  5103). 

UK 

BS  TA  34 

07.69 

Aerospace  series  specifications  for  titanium- 
aluminium-molybdenum-tin-silicon  alloy 
forgings,  (tensile  strength  105-127  HBar), 
(max.  section  75mm),  (partially  supersedes 
DTD  5153). 

UK 

BS  TA  35 

07.69 

Aerospace  series  specifications  for  titanium- 
aluminium-molybdenum-tin-silicon  alloy 
bars  for  machining,  (tensile  strength 
100-124  HBar),  (max.  section  150mm), 
(partially  supersedes  DTD  5103). 
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Ctry  Date 

Code  Standard  Number  Mo.Yr  Title  of  Standard 


UK 

BS  TA  36 

07.69 

Aerospace  series  specifications  for  titanium- 
aluminium-molybdenum-tin-silicon  alloy 
forging  stock,  (tensile  strength 
100-124  HBar),  (max.  section  150mm), 
(partially  supersedes  DTD  5103). 

UK 

BS  TA  37 

07.69 

Aerospace  series  specifications  for  titanium- 
aluminium-molybdenum-silicon  alloy  forgings, 
(tensile  strength  100-124  HBar),  (max. 
section  150mm),  (partially  supersedes 
DTD  ^153). 

UR 

AMTU  388 

00.68 

Soviet  aviation  metallurgical  specifications  for 
chemical  composition  of  titanium  alloys. 

US 

AMS  4923A 

03.66 

Aerospace  material  specificaitons  for  titanium 
alloy  bars  and  forgings;  Ti-2Cr-2Fe-2Mo, 
annealed- 120,000  psi  yield. 

US 

AMS  4925B 

03.66 

Aerospace  material  specifications  for  titanium 
alloy  bars  and  forgings;  Ti-4Al-4Mn,  annealed 
130,000  psi  yield. 

US 

AMS  4927 

07.56 

Aerospace  material  specifications  for  titanium 
alloy  bars  and  forgings;  Ti-5Cr-3AI. 

US 

AMS  4929 
("Cancelled) 

08.58 

Aerospace  material  specifications  for  titanium 
alloy  bars  < Ti-5.4AI-l.4Cr-1.3Fe-1.25Mo, 
annealed- 135,000  psi  yield. 

US 

AMS  4968A 
("Cancelled) 

03.66 

Aerospace  material  specifications  for  titanium 
alloy  bars  and  forgings;  Ti-5Zr-5Al-5Sn 
annealed. 

US 

AMS  4969 
("Cancelled) 

01.59 

Aerospace  material  specifications  for  titanium 
alloy  forgings;  Ti-4AI-a.4Cr-1.3Fe-1.25Mo, 
annealed- 135,000  psi  yield. 

US 

ASTM  B 382-64 

00.64 

ASTM  standard  specifications  for  titanium  and 
titanium  alloy  bare  welding  rods  and  elec- 
trodes; discontinued  in  1969,  see 
AWS  A5. 16-70. 

US 

MIL-T-009046G 

10.70 

U.S.  Military  specification,  titanium  alloy, 
alpha+beta,  sheet,  strip,  and  plate. 

US 

Ml L-T-121 18A 

05.65 

U.S.  Military  specification,  titanium  sponge. 
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COMPOSITIONS  (Alphanumerical  by  National  Standards) 
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for  future  use  in  new  designs. 

(*3)  Non  current  uncoordinated  specification. 
(*4)  Current  uncoordinated  specification. 

(*5)  Proposed  specification. 
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NOMINAL  COMPOSITION  (Alphanumerical  by  Nominal  Composition) 
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AMS  497 8 A (6-6-2)  US  Ti-AI6-V6-Sn2  (bar,  forying,  rodHannealed} 

AMS  4971 A (6-6-2)  US  Ti-AI6-V6-Sn2  (bar,  forging,  rodHannealed,  heat  treated) 

AMS  4979  (6-6-2)  US  Ti-A16-V6-Sn2  (bar,  forging,  rod) (sol.  and  precipitation  treated) 

AMS  4936  (6-6-2)  US  Ti-AI6-V6  Sn2  (extrusion) 

AMS  491 8D  (6-6-2)  US  Ti-AI6-V6-Sn2  (sheet,  strip,  plate)(annea!ed) 
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for  future  use  in  new  design. 

(*3)  Non  current  uncoordinated  specification. 
(*4)  Current  uncoordinated  specification. 

(*5)  Proposed  specification. 


APPENDIX  9.  CORRELATION  DATA  COMPILED  BY  IMPERIAL  METAL  INDUSTRIES  LTD.  (KYNOCH),  BIRMINGHAM,  ENGLAND; 
COVERING  THE  IMI  AND  DTD  AlLOY  DESIGNATIONS  AND  COMPARING  COMPOSITION  WITH  FORM  AND 
MECHANICAL  PROPERTIES*6* 


TA18  679  Ti  1 1Sn-2'-Ai-5Zr  1Mo-02Si  Machining  Oat  heal  ireaied  I 970  min  1110-1340  8 25  0 1 m lOOh 

f A 19  j 679  Forging  siock  1 368  N mm’  ot  450  C 


APPENDIX  9.  (Continued) 


APPENDIX  9.  (Continued) 


APPENDIX  9.1.  CORRELATION  DATA  COMPILED  BY  IMPERIAL  METAL  INDUSTRIES  LTD.;  COMPARING 
VARIOUS  INTERNATIONAL  STANDARDS  WITH  THE  CORRESPONDING  BRITISH 
STANDARDS,  DTD  SPECIFICATIONS,  AND  IMI  ALLOY  DESIGNATIONS*7* 


SPECIFICATION 

IMI 

CUSTOMER 

NUMBER 

COMPOSITION 

FORM 

NATIONAL 

SPECIFICATIONS 

Ministry  of 

DTD  6013B 

115 

Bar  and  billet 

Detence 

DTO  S023C 

130 

Sheet  and  Strip 

DTD  5043B 

315 

Bar  and  billet 

DTD  6213 

680 

Bor  and  billet 

DTD  52731Superseding 
DTD  5283!  DTD  6003 

130 

Machining  bar 
Forging  stock. 

DTD  5303 

318 

Machining  bd< 

f 

& 

o 

UTSI 

DTD  5313 

318 

Forging  stock 

DTD  5323 

Forgings 

DTD  5333 

550 

Machining  (wi 

.100mm  170  ksr 

UTSI 

DTD  5343 

Forging  stock 

DTO  5353 

F orgmgs 

BRITISH 

Su|>erseding 

STANDARDS 

2TA  1 

DTD  5033 

115 

Sheet  and  strip 

lannealedl 

(AEROSPACE 

2TA  2 

125 

She**!  and  strip 

1 '•  ) 

--- 

1 " ' 

SERIES) 

?TA  4 

Forging  st<xk 

1 " 1 

2TA.5 

F orgmgs 

1 " ! 

2TA  6 

155 

Sheet  and  strip 

1 " > 

2T A 7 

160 

Machining  bar 

( " 1 

Forging  stock 

1 1 

2TA  9 

Forgings 

1 " ) 

2T  A 10 

DTD  5163 

31B 

Sheer 

l " » 

?T  A 1 1 

DTD  51  73 

Machining  bar 

( " ) 

2TA  IJ 

DTO  5173 

Forging  stock 

2TA  13 

Forgings 

TA  14 

DTD  5093 

317 

Sheet 

i " i 

TA  15 

DTD  5083 

Bar 

t ■■  i 

TA  16 

DTD  5083 

Forging  stock 

< ••  i 

TA  17 

Forgings 

i ■■  ) 

TA  18 

679 

Bar 

TA  19 

" ‘OU 

Forging  stock 

TA  20 

- J 

Forgings 

2TA  21 

230 

Sheet 

(annealed! 

2TA  22 

Ba, 

1 ) 

2 TA  23 

Forging  stock 

1 ) 

2T  A 24 

Superseding 

F orgmgs 

( " 1 

TA  25 

6791 

Bar 

TA  26 

6?9^A  C 

Forging  stock 

TA  27 

6791 

Forgings 

2TA  28 

318 

Bolt  stock 

TA  38 

DTD  5203 

651 

Bar  EHT  ) Sec  mins  up 

TA  39 

DTD  5203 

Forging  stock  1 

to  25mm 

TA  40 

DTD  5203 

B.u  EHT  ) Sections  up 

TA  41 

DTO  6203 

Forging  stuck 

to  75mm 

TA  42 

DTD  52?3 

Forgings  1 

TA  43 
TA  44 

685 

Forging  stock 
Forgings 

65mm  LI1S 

TA  45 

550 

Bdr  FMT 

LRS  2bmm 

TA  46 

! TA  29 

Bar  FHT 

LRS  100mm 

TA.47 

Forging  stuck 

TA  48 

TA  37 

F orgmgs 

TA  49 

Bar  FHT 

LRS  I50inm 

TA  50 

Forging  stock 

TA  51 

*• 

F orgmgs 

TA  52 

DTD  5233 

230 

Sheet,  strip 

TA  53 

DTD  5243 

lor 

Machining  t>«ir 

TA  54 

DTD  5253 

ST  A 

Forging  stock 

TA.55 

DTD  5263 

condition 

Forgings 

(OTHERS) 

BS  3631  Pari  1 

T 115.  125,  130. 

115.  125,  130. 

T i Metal 

155,  160. 

318. 

155,  160.  etc 

Implants  us*»d 

550  and  680 

respect  r»ely 

E or  Bone 
Surgery 

BS  CP  3003 

Grade  1 

115 

Pari  9 1970 

2 

125 

Lining  of 

3 

130 

Vessels  *1(1 

4 

155 

Equipment  for 

" 5 

160 

C'lemtr.al 

Alloy  T P 1 

260 

Ptor  esses 

Draft  ISO 

Ductile  Ti 

115 

Standards  for 

Resilient  T 

155  160 

Surgical 

Implants 

Alloy 

318 

APPENDIX  9.1.  (Continued) 


CUSTOMER 

SPECIFICATION 

NUMBER 

IMI 

COMPOSITION 

FORM 

NATIONAL 

SPECIFICATIONS 

FRANCE 

A.E.C.M.A. 

Ti  P.01  DRAFT 

116 

All  forms 

T i P 02 

125 

All  forms 

Ti  P 04 

155/160 

All  (orms 

T.  P.05 

130 

Rivpl  wire 

TiP.11 

230 

All  (orms,  annealed  and  FHT 

Ti  P 62  " 

314 

Bar.  Forgings 

Ti  P. 63  •' 

318 

Bar,  Forgings,  annealed  sheet 

Ti  P.64 

6 6 2 

Bar.  Forgings,  annealed  and  FHT 

Ti  P.65  - 

317 

All  lorms 

Ti  P.66  " 

8 1 t 

All  forms 

Ti  P.67 

685 

Bar.  Forgings 

T.  P 68 

550 

Bar.  Forgings 

AIR  9182  (T35) 

115 

Sf'eet 

“ (T40I 

125 

Sheet 

(T50I 

130 

Sheet 

(T60I 

160 

Sheet 

AIR  9183  (TA4MI 

314 

Rod.  Bar  and  Forgings 

ITA6VI 

318 

AIR  9184  ITA4MI 

314 

Solis 

ITA6VI 

318 

NATIONAL 

SPECIFICATIONS 

GERMANY 

8 W B.  of  LW 

3 7024  1 

115 

Sheei.  welding  wire 

3.7034.1 

126 

Sheet,  rod.  forgings,  welding  wire 

3.7064.1 

155  160 

Sheet,  rod.  forgings 

3.7114  (Draft) 

317 

All  lorms 

3.7124  (Draft) 

230 

All  forms 

3.7164  (Draft) 

685 

8ar,  billet 

3.7164  1 

318 

Sheet,  rod,  forgings 

3.7164  7 

318 

Bolt  stock 

37174 

6 6 2 

3.7184  (Draft) 

550 

Bar,  billet 

D 1 N. 

17850 

CP 

All  grades 

17860 

C.P 

Sheet,  strip,  annealed,  all  grades 

17862 

C.P 

Bar  annealed,  all  grades 

17863 

CP 

Wne  annealed,  all  grades 

17864 

CP 

Forgings  annealed,  all  grades 

3.7025 

116 

3.7035 

125 

3 7055 

130 

3.7065 

165/160 

T U V 

230  1 -68  Group  1 

115 

Sheet  and  solid  forms 

II 

125 

" III 

130 

” IV 

165/160 

A9.I-2 
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CUSTOMS  fi 

SPECIFICATION 

NUMBER 

IMl 

COMPOSITION 

FORM 

os 

AMS  49000 

130 

Sf'etr  and  str»p 

AERONAUTICAL 

" 4901E 

155 

" 490?  6 

126 

MATERIAL 

" 4906 

318 

Continuously  fOl»*d  $t>ert.  annealed 

SPECIFICATIONS 

" 4907B 

318  (ELI! 

S»n-et  and  sir 

'■  49088 

Ti  BMn 

" 49096 

317  If  1 11 

- 491  OF 

117 

" 491 1C 

318 

4912A 

1.  4Ai  3Mo 

Sheet  and  strip  '.SmT> 

IV 

4913A 

l.-4Ai  3M.i 

(fully  H Tl 

IV 

491  SB 

8 1 1 

Mill  annealed  *»*«•**(.  strip  & plate 

49I6B 

B 1 1 

Duple*  annealed  Shrvt.  Strip  & plate 

49178 

T,  13V  HC< 

Sheri  and  drip  (SHTl 

3Ai 

" 4918C 

T,  6Ai  fcv 

Sheet  and  strip 

?Sn 

49?  18 

160 

Bars  forgings 

4923A 

T<  2Ct  2ft 

2Ma 

49248 

317  Ifll? 

B»rj.  forgings  nogs 

492SB 

314 

B.rs  forgings 

- 49260 

317 

- 49?? 

T 5Cr  3AI 

492BG 

3 16 

'■  4929 

T.-5  4AI 

I4Cr  I3ff 

-1  25Mo 

4930A 

318  (ELH 

B*rS.  forgmgs.  rings 

493SB 

318 

B-r.  rod.  shapes.  e«fruSiom  annexed 

4936 

6 6 2 

Extrusions 

4941 

125 

Welded  tubing 

" 4942 

126 

Seamless  tubing 

“ 4943 

3Ai  25V 

Hydraulic  tubing 

” 496 1C 

125 

Wirr.  welding 

4963 

317 

49648 

318 

" 4966 

T.  6-11 

" 4966 

318  lElll 

Wcfdmg  Mire  U» 

’•  49668 

318 

B-'S  forgings  ST  A 

” 4966 D 

31? 

F urging*  «od  loigmg  stock 

- 49670 

318 

f orgmgs  and  torgmg  stO<  k fo<  full  He-4 

- 4968A 

T,-6Ai.52. 

Bars.  billets 

6Sn 

“ 4969 

T.  5 4A1 

f orgmgs 

1 40  1 3ft 

" 4970C 

T.  ?Al-4Mo 

Bars,  forgings,  fully  H T 

" 4971 A 

T.-6AI  6V 

Bars.  forgings,  annealed  heal  treatable 

2Sn 

- 4972A 

811 

flars  and  rings 

49?3A 

8 1 1 

Forg»ngs 

••  4974 

679 

Bars  and  forgings  (A  C 4*yed> 

~ 49758 

6 2 4 2 

Cars  STA 

" 4976 

6 2 4 2 

Forgings  $TA 

- 4977A 

Bti.  1 i 

8-rs  and  wire 

" 497SA 

6 6 2 

flars.  forgings,  rings,  annealed 

" 4979 

6 6 2 

Bars  forgings,  rings.  STA 

4980A 

Ik- It  III 

Bars  and  w>re 

US  MILITARY 

SPECIFICATIONS 

Suot'wding 

MIL  T-9046F 

Typ*  IA  CIW  5 

125 

Sheer  strip,  plate 

“ 18  Cl*«  6 

155 

••  1C  CltM  7 

130 

" II A Cl«u  3 

31? 

.. 

- MB 

31?  (ELI! 

••  IIF 

8AI  1M.)  IV 



" IIG 

6Ai  2Nb  IT- 

0 8Mo 

II  IA  Cum  1 

8Mn 

" IIIB 

4AI  3Mo  IV 

- me  ci*u  2 

318 

mo 

318  IELI1 

me 

6AI  6V  2Sn 

••  IllG 

6 2 4 2 

" IVA 

13V  llO 

3A‘ 

MIL  T-90' ' 

CP 

Bar  (urging* 

MILT  1457? 

Vtt'iHiy 

MIL  T 46038 

6 6 2 

Bar  tnffft 

MIL  T 46077 

318 

Bji  plate 

OS  10737 

318 

Bd>  biltet  wire  fAtruSHim 

MIL  T 9047{IGt*t.*11  Como  1 14  t H 

160 

Ba'  b'l'rt  forgings 

MIL  T-9047FIUSAE 1 Come)  IIA  * II? 

31? 

Comn  3 H8  A 113 

31?  Hill 

Come  6 110  & 115 

8 1 1 

Come  6 IMA  * IM6 

316 

Come  7 IIIB  A HI7 

318  lllll 

Come  8 me  a me 

6 6 2 

Come  9 1*10  A IH9 

7 4 

Come  10  IMG  A lino 

679 

Come  11  llll  A lllll 

6 2 4 J 

Come  17  IVA  A IV *2 

13  11  3 

Come  13  IVI3 

•tit  in 

Come  14 

6 7 4 6 

( 
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APPENDIX  9.1.  (Continued) 


CUSTOMER 

SPECIFICATION 

NUMBER 

IMI 

COMPOSITION 

FORM 

A S.T.M.  SPECS. 

B. 265-72  Grade  t 

115 

Sheet,  strip,  plate 

..  2 

125 

(Note.  ASME  specs 

••  ••  3 

130 

for  the  same  products  " " 4 

15S 

prefix  the  ASTM 

■'  5 

318 

numbers  with  "S" 

'•  •'  6 

317 

e g.  SB265-71  1 

" " 7 

260 

SB337-65  ) 

B. 337-73  Grade  1 

115 

Seamless  & welded  unalloyed  Ti  pipe 

..  2 

125 

..  3 

130 

..  ..  A 

160 

" 7 ) 

260 

" 8 ) 

B. 338-73  Grade  1 

115 

Seamless  & welded  unalloyed  Ti  tubing 

" 2 

125 

..  3 

130 

•'  ••  4 

16 O 

-71 

260 

' 8 1 

8.348-72  Grade  1 

115 

Bar  and  billet 

..  2 

125 

••  3 

130 

••  ••  4 

160 

••  " 5 

318 

••  6 

317 

? 

314 

B. 363-71 

Fittings 

B. 367. 69 

130/150 

Costings  C1-C4  CP 

318 

C5  . 318 

317 

C6  317 

8.381-69  FI 

115 

Forgings  C7A8B  Ti  Pd 

F2 

125 

•'  F3 

130 

" F4 

160 

F5 

318 

" F6 

317 

F7 

Ti-Pd 

F8 

6-6-2 

F9 

7AI-4Mo 

B.382-61T  ) 

Welding  rods  and  electrodes 

AWS  A5  16.70  1 

F67-69  Grade  3 

130 

Surgical  implants 

F67-69  Grade  4 

160 

» 

F 136-70  6/4  alloy 

318  IELII 

APPENDIX  9.2.  CORRELATION  DATA  COMPILED  BY  IMPERIAL  METAL  INDUSTRIES  LTD.;  SUMMARIZING 
APPLICATION  AND  USAGE  PATTERNS  FOR  IMI  TITANIUM  AND  TITANIUM  ALLOYS(8) 


SECTION  A : GENERAL  CHEMICAL  PLANT  : COMMERCIALLY  PURE  TITANIUM(8> 


Environment 


Type  of  Plant 


Reason  for  Use 


A1  Chlorine 


k2  ."hi  'rides  : Sea  water 


A}  Chi  rides  : Metal 

ohioriaes 


AL  Cxi  oi  sing  acids  : 
Nitric  Acid 


Hate  and  tube  -in-ci.  ell  type  best  exchangers, 
coils,  valves i pumps,  pipeworic  and  vessels. 
Noble  metal  coated  titanium  ajvxies. 

Plate  and  tube -in-shell  type  he-.t  exchangers 
in  chemical  plants  and  the  oil  industry. 
Marine  and  power  station  condensers,  pumps, 
v.-lves,  super-cavitation  propellers. 
Hatirised  titanium  anodes  for  cathodic 
protection  and  electrodialysis. 

Desalination  applications. 

Hate  and  tube -in-shell  type  heat  exchanger's, 
vessels,  jumps,  valves,  etc.,  in  ferric 
chloride  and  other  metal  chlorides, 
heat  exchangers,  coils,  baskets,  jigs 
end  pumps  for  nickel  chloride  plating. 

Sodium  and  calcium  chloride  brine 
evaporators  and  heat  exchangers. 

Platinised  titanium  anodes. 

Hite  ind  tube-in-shell  type  heat  exchangers, 
vessels,  pipework,  valves,  pumps  and 

coolers. 


Excellent  corrosion  resistance 
in  wet  chlorine  and  sodium  chlcride 
brine.  Unique  electrochemical 
pr-pertles. 

Unique  corrosion  and  erosion 
resistance  in  pure  end  polluted 
sea  water,  even  with  high  solids 
content . 


Cherdcal  and  electro-chemical 
corrosion  resistance. 


Corrosion  resistance  in  all 
concentrations,  except  red  fuming, 
if  tit.  nium  has  an  iron  content  leas 
thn  0.05>. 

stainless  atcll  is  att  eked  by 
seawater  and  cupr  -nickel  by  nitric 
acia;  titanium  resists  both  and  is 
therefore  ideal  where  aeawater  is 
used  for  cooling  in  nitric  acid 
plants. 


Ab 

Oxiaising  acids  : 

*'ixed  ni  tric/sulrhuric/ 

iiyuroci  lori  <•  acid 

Coils,  tanks  etc. 

Corrosi  n resistant  if  nitric 
acid  of  high  concentration. 

A6 

xiii  ir-  aciis 
Chromic  aci 1 

n-te  and  tube-in-shell  type  he.t  exchangers, 
vessels,  mils,  pumps,  valves,  jigs  etc.  Not 
recorriended  in  fluoride  catalysed  chromium 
rl  'ing  s lutlons. 

CsiT.si.n  resiclar.ee 

A7 

Organic  acids  : 
acetic 

raonocrl  trace  tic 
terephthallic 
propionic  etc. 
and  mixed  organic  acids 

Vessels  and  all  plant  items. 

Jorr-aion  resist  .ive,  often  at 
high  teyera  -ures. 

| 

A0 

Reducing  acids  s 
Sulphuric  acid 

Coils,  vessels,  nunys  and  valves. 

In  very  low  concentration,  or  where 
inhibited  by  heavy  tnet.'l  ions, 
oxidising  agents,  or  anodic.-. lly 
protected. 

A9 

Seducing  acids  : 
Hydrochloric  acid 

Coils,  vessels,  pumps  and  valves. 

In  very  low  concent  rations,  or  »:  ere 
inhibited  by  heavy  metal  i .nr., 
oxidising  agents,  or  anodic  ally 
prote  ctod. 

A10 

Reducing  acids  s 
Hydrobrordc  acid 

Coils,  vessels,  pumps  and  valves. 

When  free  bromine  present  in 
certain  concentration*. 

All 

Bleaching  liquor#  : 
Hypochlorite 
-hi  -rine  di  oxi de 

"-inks,  roller®  ard  heating  elements. 

More  corrosion  resist -nt  than 
stainl  ss  steel  in  paper  pulf  and 
textile  bleaching  plant. 

A1 2 

Urea 

Corbie te  plant  in  contact  with  urea  and 
ammonium  carbamate. 

Corrosion  resistance  even  at 
higher  tefg>eri’tures. 

< 

Fertilisers/ 

lestlcldes 

H jnt  items. 

Corrosion  resistance  in  nitric  vein/ 
aimioniun  nitrate  and  in  complex 
org  nic  pesticides  tvs  herbicides. 

Aid 

Artificial  fibres 

Varixis  pl  -i.t  items. 

Corrosion  resistance. 

plants  : 

e.g.  TeryleneJ  Spin 
Nylon  ) batn 
Rayon  ) liquors 
also  cellophane 
rrxmcti  on 

Alb  f'rganic  s lv»nts  : 
olaln  or  oi» » i 


Solvent  recovery  pi  •nt,  he  .ting  appli  ati ona . 


Ccrrosi  ni  resi.lant,  e3pecl-lly  where} 
c.  lwiae  and  tr  , -es  \f  H'L  -ntw!un.i.ts 
va  f irj  > -x  4 4,i  fTI'Vi,  h ! 
rolv.-nte. 


J 
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APPENDIX  9.2.  (Continued) 


SECTION  A : GENERAL  CHEMICAL  PLANT  : COMMERCIALLY  PURE  TITANIUM  (Continu«d><8> 


Type  of  Plant 


Reason  for  Use 


Al6  Food  industry  s 
e.g.  soups 

pickles 
•organic  juices 
cider  etc. 


A17  Nuclear  chemical 
processing 


Al8  Eyes 


A19  Carbon  black  production 
(sulphur  based  gases 


Various  plant  items. 


Various  plant. 


Vessels,  coils  ani  heat  exchangers. 


Various  plant. 


Corrosion  resistant  and  prevents 
contamination  of  product. 


Guaranteed  corrosion  resistance  - 
nitric  acid  is  commonly  used. 

Low  half  life. 


Corrosion  resistance  and  avoidsr.ee 
of  c.  ntamin; ticn.  Use  excluded 
where  hydrochloric  or  sulphuric 
acid  present. 


Corrosion  resistance. 


■ 

I 


Sulphur 

Sulphur  dioxide 
Sulphur  trioxide 


1 Pharmaceutical  products 


Gas  scrubbers  and  reaction  columns. 


Various  plant. 

(there  are  also  applications  for  zirconium; 


Corrosion  resistance. 


Corrosion  resistance  and 
non-contamination  of  products. 
■Yiae  spread  use  of  hydrochloric 
and  sulphuric  acids  limits 
applications. 


SECTION  8 : GENERAL  ANO  ENGINEERING  APPLICATIONS  : COMMERCIALLY  PURE  TITANIUM(8) 


APPENDIX  9.2.  (Continued) 

SECTION  C : APPLICATIONS  FOR  TITANIUM  ALLOYS  IN  CHEMICAL  AND  GENERAL  ENGINEERING*8* 


Com  pone  ms 

Reason  tor  Use 

IMI  Titanium  Alloy  Grades 

Cl 

Racing/sports  ear  parts: 
connecting  rods, 
suspension  forgings, 
springs. 

nuts  and  holts,  etc. 

High  strength 

( 318 
( 550 

c: 

Valve  plates 

Corrosion  resistance  and  strength 

318 

C3 

Ultra  centrifuges 

High  strength 

( 550 
I 080 

C4 

High  *pet*d  pumps  and  propellers 

Strength  and  corrosion/erosion  resistance 
in  seawater 

318 

C5 

Steam  turbine  discs,  blading, 
shroud  bands,  and  lacing  wire 

High  strength 

O80 

318 

C6 

Ultrasonic  probes 

Fatigue  resistance,  low  density,  and 
corrosion  resistance 

318 

C'7 

Submersibles 

High  strength  and  corrosion  resistance 

318 

C8 

Miscellaneous  high  strength/ 
corrosion  resistance 
applications  in  the  chemical 
and  allied  industries 

318 

C9 

Surgical  implants 

High  strength  and  corrosion  resistance 

318 

APPENDIX  9.2.  (Continued) 


SECTION  D : APPLICATION  FOR  TITANIUM  AND  TITANIUM  ALLOYS  IN  AEROSPACE  ENGINEERING*8* 


1.  Unalloyed  titanium  and  IMI  250  sheet  r. re  used  in  applications  requiring  cold  or  wrrm  formability 
(temperatures  up  to  about  35 0VC  are  commonly  employed). 

XVI  alloy  bar,  billet,  plate  end  sheet  is  used  in  applications  requiring 
(a)  High  strengtfyWigbt  ratio  (IMI  250,  318,  55°«  551,680) 

(bj  Creep  resist;jice  at  tenperaturei  up  to  abexit  500UC  (IMI  3l8,  550i  679,  685). 

.ypical  components  maae  from  the  various  grades  of  titanium  and  its  alloys  are  shown  in  the  tables  below: 


Components 

IMI  Alloys  Used 

Airframes 

( Unalloyed  Titanium 

Firewalls,  bulkheads,  fuselage 

( 23 0 

panels,  wing  fairings,  de-icing 
and  air  conditioning  ducts. 

( 318 

Fuselage  keel 

230 

Attachment  brackets 

( 318 
( 550 
( 551 

?lap  and  slat  tracks 
add  associated  brockets 

550 

Wing  ribs,  supports,  brackets 

( 318 
( 550 
( 551 

Engine  tunnel  skins 

318 

Arrester  hooks  and  brackets 

( 318 

( 550 

Undercarriage  components 

( >50 

( 551 

Brake  Components 

( 318 
C 550 

Helicopter  rotor  heads. 

) 

318 

tail  rotor  shaft*,  brackets. 

) 

engine  support  plates 
Accessories  and  Fittings 
Pitot  tube  heads 

) 

Unal loyed 
Titanium 

Refuelling  probe 
attachments 

) 

( 

551 

Hydraulic  punf  casings 
Particle  filter  casings 

) 

230 

Fasteners 

230 

318 

Components 

IMI  Alloys  Used 

Aero  Engines 

Fan  discs,  intermediate  ^ 318  up 
and  high  pressure  ' 550  up 
compressor  discs.  ) "79  up 

( 685  up 

to  325 JC 
to  WXTC 
to  L50VC 
to  >00  *-0 

Fan  blades,  intermediate 
and  high  pressure  compressor 
blades  (stator  and  rotor) 

315 

>18 

550 

679 

685 

Spacer  rings,  stub  shafts, 
cones. 

318 

550 

679 

685 

Engine  casings  and  bypass  ducts 

Unalloyed  titanium 
230 

Casing  Ring* 

-30 

318 

Engine  inlet  ducts, 
nose  cones,  cowlings, 
noise  reduction  linings. 

Unalloyed 

titanium 

Engine  mounting  brackets  1 

ryior.  attachment  brackets  ) 

318 

550 
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APPENDIX  10.  CORRELATION  DATA  COMPILED  BY  FRIED.  KRUPP  GMBH,  KRUPP  METALL-UND 
SCHMIEDEWERKE,  ESSEN,  WEST  GERMANY;  COMPARING  VARIOUS  INTERNA- 
TIONAL STANDARDS  WITH  KRUPP  TIKRUTAN  TITANIUM  ALLOYS*21-23) 


International  Specifications  lor  Commercially  Pure  Titanium  Grades*21) 


KRUPP  Brand 
TIKRUTAN® 

WEST  GERMANY 

USA 

Great  Britain 

France 

GDR 

USSR 

Europe 

DIN 

VdTiiV 

LW 

A STM 

AMS 

MIL-T 

BS  TA 

AIR 

EMO 

GOST 

AECMA 

RT  12 

3.7025 

Gr.  1 

3.7024 

grade  1 

_ 

- 

T 35 

Ti  110 

VT  1 00 

Ti-POl 

RT  12  Pd 

(3  7030) 11 

Gr.  1 

- 

" 

- 

- 

- 

RT  15 

3.7035 

Gr.  II 

3.7034 

grade  2 

4902 

4941 

9046,  IA 

2.  3.  4,  5 

T 40 

Ti  140 

VT  1-0 

Ti-P02 

RT  15  Pd 

13. 7040) 

Gr.  II 

- 

grade  7 

- 

- 

- 

- 

- 

RT  18 

3.7055 

Gr.  Ill 

grade  3 

4900 

9046.  1C 

- 

T 50 

- 

VT  1-1 

- 

RT  18  Pd 

(3.7056) 

Gr.  Ill 

grade  8 

- 

- 

- 

- 

- 

RT  20 

3.7065 

Gr.  IV 

3.7064 

grade  4 

4901 

4921 

9046.  IB 

6.  7.  8,  9 

T 60 

VT  1-2 

Ti-P04 

RT  20  Pd 

(3. 7070) 11 

Gr.  IV 

- 

- 

- 



- 

'I  Proposed 

VdTiiV  Veremigung  Dur  Techmschen  Uberwachungsvereine  Ev 
(German  Association  for  Technical  Supervision) 


International  Specifications  tor  Titanium  Alloys*211 


1 KRUPP  Brand 

Designation 

WEST  GERMANY 

USA 

Great 

Britain 

F ranee 

_ 

USSR 

Europe 

TIKRUTAN 

DIN 

LW 

ASTM 

AMS 

MIL  T 

BS-TA 

AIR 

GOST 

AECMA 

LT  21 

TiAl5Sn2,5 

3.7115 

3.7114 

grade  6 

4910,  4926 
4966 

9046,  II  A 
904  7, comp. 

2 

14,  15,  16 

TA5E 

VT5-1 

T.-P65 

LT  22 

T1AI8M0IVI 

- 

3.7134 

- 

4915,  4916 
4972,  4973 

9046,  II  B 

9047,  comp 

5 

TA8DV 

T1-P66 

LT  24 

TiA!6Sn22r4Mo2 

3.7144 

4975,  4976 

9046,111  G 
9Q47,comp.1 1 

- 

- 

- 

LT  25 

TiCu2 

3.7124 

21,  22,  23, 

24, 

54,  55,  58 

TU2 

Ti-P1 1 

LT  26 

TiAl62r5MoSi 

- 

3.7154 

- 

43,  44 

TA62D 

Ti-P67 

LT  31 

T1AI6V4 

3.7165 

3.7164 

grade  5 

4906,  491 1 
4928,  4965 

9046,111  C 
9047, comp. 

6 

10,  11,  12. 
13,  56 

TA6V 

VT6S 

Ti-P63 

LT  32 

TiAI7Mo4 

' 

- 

4970 

9047,comp. 
9046,111  E 

9 

- 

TA7D 

LT  33 

TiAI6V6c-n2 

3.7174 

4918,  4971 
4978,  4979 

9047.  comp. 

8 

TA6VE 

Ti-P64 

LT  34 
LT  41 

l 

TiAI4Mo4Sn2Si 

TiV13Cr1 1A13 



3 7184 

4917 

9046,1V  A 
9047,comp.  12 

46.  47,  48, 
49,  50,  51, 
57 



TA4DE 



T1-P68 



A 1 0- 1 


APPFNDIX  10.  {Continued) 


Halbzeuge  aus  Titan  und  Titanlegierungen  (Semiproducts  made  of  Ti  and  t,  alloys)^*) 

- Standard-Fertigungsprogramm  - 

(Program  of  Standard  Fabrication! 


Halbzeug- 

form 

(Semiproduct! 


Art  der 
Formgebung 

(Shaping  Method) 


warmgewalzt 
(Hot  Hoi  led) 


Bander 

(Band  or  Strip) 


kaitgewaizt 
(Cold  Rolled) 


kaitgewaizt 
(Cold  Rolled) 


KRUPP- 

Marke 

TIKRUTAN 


P'atten 

(Plate) 

warmgew.ilzt 

(Hot  Rolled) 

geschmiedet 

(Forged) 

Stabe 

(Rod) 

geschmiedet 

(Forged) 

warmgewa'zt, 

gezogen 

(Hot  Rolled.  Drawn) 

Draht 

(Wire) 

(Hot  Rolled,  Drawn) 
warmgewaizt. 
gezogen 

Schm.ede- 

stucke 

(Forging* 

geschmiedet 

(Forged) 

Ringe 

(Ring) 

gewalzl 

(Rolled) 

Olio 

Or.  ’iilalen 
(All  Types! 


.1  "e 

Qualita'.en 
(Alt  Types! 


Norm-Bezeichnung 

..  — (Standard  Destination! 

Kurz- 

Er  We,S„.  AECMA 
Designation)  (Aircraft  Material 


Apmessungen 

(Dimensions) 


(Minimum  Sheet  ThiCknessI 

mm  Blechdicke 
1 5 mm 
1 5 mm 

1 5 mm 

2 0 mm 
1 0 mm 

Standardtormal  'Standard  Sheet  Sizel 
1000  x 2000  mm  I 


(Minimum  Sheet  Thickness)! 

mm  Blechdicke 

0 4 mm  I 

Gtaiid.l'dlO'mat  ' Standard  Sheet  Size) 
1000x  2000  mm  I 


3 7024 
3 7034 
3 7064 

Ti-POl 
T.  -P02 
T I--P04 

1 Maximum  Size) 
max  Formal 
2000  x 5000  mm 

3 7164 
3 7174 

j 

Ti  -P63 
T 1 --  P64 

(Maximum  Width) 
max  Breite 
1300  mm 

TiA)6V4 

TiA16V6Sn2 

TiAI4Mo4Sn2 


T .99  8 
T i99.7 
T.99  5 

T'AI8Mo1  VI 

T iCu2 

TiAl62rSMoSl 
Ti  AI6V4 
TiAI6V6Sn2 
TiAI4Mo4Srt2 


T 99  8 
T i99  7 
T (99  5 
T1AI8M0IVI 
TiCu2 
T.AI6V4 
TiAI6V6Sn2 


mm  Dicke 
30  mm 


(Diameter) 

Durchmesser 
20  - 350  mm 

mm  Kantenlange  bei 
Flachstaben  20  mm 
(Minimum  Edge  Length.  Wide  Flat  Bars) 
max  Breite  Dicke 
8 1 

(Maximum  Width/Thickness) 


(Diameter) 
Durchmesser 
6-24  mm 


(Diameter) 

Ti~P01 

Durchmesser 

Ti-P02 

0.5  --  6 0 mm 

(Minimum  Forged  Thickness) 
Klems'.e  SchmiededtCke 
30  mm 

max  Gewicht  3000  kg 
(Maximum  Weight) 


APPENDIX  10.1-  TABULAR  DATA  COMPILED  BY  KRUPP  METALL-UND  SCKMIEDEWERKE;  SUMMARIZING 
CHEMICAL  COMPOSITION,  PHYSICAL  AND  MECHANICAL  PROPERTIES  OF  THE  KRUPP 

TIKRUTAN  ALLOYS<20) 


Table  1:  Chemical  Composition  of  Commercially  Pure  TIKRUTAN®  Grades 


Krupp  Brand 
TIKRUTAN- 

Code  Nr. 

Aircraft 
DIN!)  industry 

Standards 

TA  ASTM 

Iron 

max. 

Chemical 

Oxygen 

approx. 

composition 

Nitrogen 

max 

in  per  cent  by  weight 
Carbon  Hydrogen  (Ti  balance) 
max.  max.  (Palladium) 

RT  12  (Pd) 

3.7025 

3.7024 

- 

Grade  1 

0.20 

0.10 

0.05 

0.08 

0.01 32) 

(0.15-0.25) 

RT  15  (Pd) 

3.7035 

3.7034 

TA  2-5 

Grade  2 

0.25 

0.20 

0.06 

0.08 

0.01 32) 

(0.15-0.25) 

RT  18  (Pd) 

3.7055 

- 

- 

Grade  3 

0.30 

0.25 

0.06 

0.10 

0.01 32) 

(0.15-0.25) 

RT  20 

3.7065 

3.7064 

TA  6-9 

Grade  4 

0.35 

0.30 

0.07 

0.10 

0.01 32) 

- 

’)  In  addition  to  the  code  numbers  listed  in  the  above  table,  we  also  supply  titanium  to  meet  various  end- 
user  requirements.  A low  Fe-content  can  be  guaranteed  for  material  exposed  to  particular  chemical  attack. 

-}  For  sheet  Jess  than  2 mm  thick  and  other  semis  less  than  2 mm  in  diameter  or  comparable  cross- 
section,  hydrogen  may  be  present  in  amounts  up  to  0.015%. 


Table  2:  Physical  Properties  of  Commercially  Pure  Titanium 


Density 

Modulus  of  elasticity 
Modulus  of  rigidity 
Melting  point 
Boiling  point 

Transformation  temperature  (alpha/beta) 
Crystal  structure  > 885  °C  . > 1160  K 
< 885  °C  : < 1160  K 
Heat  of  transformation 
Thermal  neutron-capture  cross-section 
Specific  heat  at  15°C/290K 
Mean  specific  heat  between  0 and  500  ° C/ 
275-775  K 
Heat  of  fusion 

Thermal  conductivity  at  room  temperature 
Mean  coefficient  of  linear  thermal  expansion 
between  20  and  200°  C/295-475  K 
Electrical  resistivity  at  20  °C/295  K 
Temperature  coefficient  of  resistivity 
Magnetic  properties 
Magnetic  susceptibility 


4.5  g/cm3 
11000  kp/mm2 
4500  kp/mm2 
1700  °C 
3660  °C 
885  °C 

Body-centered  cubic 

hexagonal 

16  cal/g 

5.8  barn 

0.125  cal/g/°C 

0.139  cal/g/°C 
100  cal/g 
0.04  ca  l/cm/s 

9.1  • 10-*/ 'C 
0.50  Q • mmVin 
0.43-  10-V°C 
Paramagnetic 
3.4  • 10-6  cm3/g 


4.5  kg/dm3 
10800  hbar 
4400  hbar 
1975  K 
3935  K 
1160  K 


67  kJ/kg 
5.8  ■ 10-22dm2 
0.52  kJ/kg/K 

0.58  kJ/kg/K 
419  kJ/kg 
17  J/m/s/K 

9.1  • 10~*/K 
0.50  fim  • W/A2 
0.43  ■ 10_2/K 
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Table  3:  Mechanical  Properties  of  Commercially  Pure  TIKRUTAN'*  Grades 


ro  £ 


KRUPP  Brand  Code  No. 
TIKRUTAN®  DIN 


Standards 
TA  ASTM 


Condition 


o.s 


6 » 


o.- 
LU  £ 


_ X) 

A k-. 


~ to  to 


EC  £ 


_ £ 


Q.  > 
£ < 

52 
> a 
O > 


Bend  radius 
(105°  bend) 
£ 

® - • j 


O- 


3 A 
O- 


M 

’) 

*) 

J 

RT  12  (Pd) 

3,7025.10 

_ 

grade  1 

annealed, 
free  from 
scale 

18 

29-41 

30 

25 

35 

120 

60 

1 t 

1.5  t 

RT  15  (Pd) 

3,7035,10 

TA  2-5 

grade  2 

25 

39-54 

22 

20 

30 

150 

35 

1.5  t 

2 t 

RT  15  (Pd) 

3.7055,10 

- 

grade  3 

32 

46-59 

18 

16 

30 

170 

25 

2 t 

2.C1 

RT  20 

3.7065,10 

TA  6-9 

grade  4 

39 

54-74 

16 

15 

25 

200 

20 

25  t 

3 t 

’)  Sheet  and  strip  as  well  as  J)  forgings  and  bar  stock:  transverse  specimens 
3)  Notched-bar  impact  test  is  carried  out  from  gauges  above  5 mm 


Table  4:  Chemical  Composition  of  TIKRUTAN®  Alloys 


KRUPP 

Brand  Designation 

TIKRUTAN® 

Type  Chemical  composition  in  per  cent 

of  Interstitial  elements 

alloy  Fe  O H N C A»  V 

max.  max.  max.  max.  max. 

by  weight  (Ti  balance) 
Substitutional  elements 
Mo  Sn  Cr  Zr 

Cu 

Si 

LT  21  ’) 

TiA!5Sn2.5 

a 0.25  0.20  0.020  0.07  0.08  4.0-6.0  - 

- 

1. 5-3.0 

- 

- 

- 

- 

LT  22 

TiAI8Mo1V1 

«(  + 0)0.30  0.15  0.015  0.05  0-08  7.5-8.5  0.75-  0.75- 

1.25  1.25 

- 

- 

- 

- 

- 

LT  23 

TiAI5Sn5Zr5 

« 0.15  0.12  0.015  0.03  0.04  4.5-5.5  - 

- 

4.3-53 

- 

4.7-5.7 

- 

- 

LT  24 

TiA!6Sn2Zr4Mo2 

«{  + 0)  0.25  0.12  0.015  0.05  0.05  5.5-6.5  - 

1.8- 
2.2  ' 

1. 8-2.2 

- 

3.6-4.4 

- 

- 

LT  25 

TiCu2 

a 0.20(0.20)0.010  0.05  0.1 

- 

- 

- 

- 

2-3 

- 

LT  26 

TiAI6Zr5MoSi 

a(  + 0)0.20  - 0.015  - 0.08  5.25- 

6.75 

0.25- 

1.25 

- 

- 

4.0-6.0 

- 

0.1- 

0.4 

LT  31  <) 

TiA!6V4 

ct  + 0 0.25  0.20  0.013  0.07  0.08  5.S-6.5  3.5- 

4.5 

- 

- 

- 

- 

- 

- 

LT  32 

TiAI7Mo4 

a + 0 0.25  0.20  0.013  0.07  0.08  6.5-7.3  - 

3.5- 

4.5 

- 

- 

- 

- 

- 

LT  33 

TiAI6V6Sn2 

a + 0 0.35  0.20  0.015  0.04  0.05  5.0-6  0 5.0- 
-1,0  6.0 

- 

1. 5-2.5 

- 

- 

- 

- 

LT  34 

TiAI4Mo4Sn2 

a + 0 0.2  - 0.015  - 0-08  3-5 

3-5 

1. 5-2.5 

- 

- 

- 

0.3- 

0.7 

LT  41 

TiV13Cr1 1AI3 

0 0.30  0.20  0.025  0.05  0.05  2.5-3.5  12.5- 

- 

- 

10-12 

- 

- 

- 

14.5 

i)  These  alloys  are  made  with  low  percentages  of  interstitial  elements  for  special  iow-temperature 
applications. 
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Table  5:  Physical  Properties  of  TIKRUTAN®  Alloys 


Characteristic 

TIKRUTAN*  Grade 

Unit 

LT2t 

LT  22 

LT  23 

LT  24 

LT  25 

Density 

g/cmJ 

kg/dm> 

4.46 

4.37 

4.59 

4.55 

4.56 

Modulus  of  elasticity 

kp/mmi 

hbar 

11,700 

11,500 

13,800 

13,500 

11.200 

11.000 

11,600 

11.400 

11,500 

11,300 

Thermal  conductivity 

cal/cm/s/  'C  2.0  • 10  > 

1.5-10 

> 1.5  -10  > 

— 

31-10  > 

at  room  temperature 

J/m/s/K 

84 

63 

6.3 

13 

Mean  coelficient  of  thermal 
expansion  between  20  and 
100  °C/293  373 K 

m/m/  C 
m/m/ K 

9.4  -10  ‘ 

8.5-10 

* 9.0  - 10  • 

9.5  10  * 

0.0  • 10  -« 

Specific  heat  at  20  C/293  K 

eal/g/  C 
kJ/kg/K 

0.127 

0.53 

0.127 

0.53 

0.121 

0.51 

— 

— 

Phase  type  at  room 
temperature 

a 

n(+^> 

a 

"(+/*> 

a 

Transformation  temperature 

°C 

1.020 

1,040 

990 

990 

880 

(alpha  i beta)  beta 

K 

1,295 

1.315 

1,265 

1.265 

1,155 

Electrical  resistivity 

ii  ■ mm»/m 
«m  • W/A> 

1.57 

2.0 

- 

- 

0.65 

Characteristic 

TIKRUTAN*  Grade 

Unit 

LT  26 

LT  31 

LT  32 

LT  33 

LT  34 

Density 

g/cm1 

kg/dm’ 

4.45 

4.43 

4 46 

4.54 

4.60 

Modulus  of  elasticity 

kp/mm1 

hbar 

12.300 

12,100 

11,000 

10,800 

11.400 

11.200 

11.600 

11,400 

11.900 

11.700 

Thermal  conductivity 

cal/cm/s/’C 

— 

1.54 -1C 

I-*  1.53-10  -* 

17  • 10  » 

1.8  -10  > 

at  room  temperature 
Mean  coefficient  ot  thermal 

J/m/s/K 

m/m/"C 

m/m/K 

— 

6.5 

6.4 

7.1 

7.5 

expansion  between  20  and 
100  -’C/293-373  K 

10  -10  -* 

8.6  • 10 

* 8.85  -10  * 

9.4  • 10  -* 

88-10  ‘ 

Specific  heat  at  20,'C/293  K 

ce’/g/°C 

kJ/kg/K 

I 

0.134 

0.56 

0.123 

0.515 

0.155 
0 65 

— 

Phase  type  at  room 
temperature 

« + /? 

a + p 

a + p 

a + p 

a+p 

Transformation  temperature 

°C 

1,030 

980 

1.010 

946 

975 

(alpha  ‘ beta)  beta 

K 

1,305 

1,255 

1.285 

1.220 

1.250 

Electrical  resistivity 

Si  ■ mm*/m 
um  ■ W/A» 

1.57 

1.66 

1.75 

1.57 

1.58 

Table  6:  Mechanical  Properties  of  TIKRUTAN  ^ Alloys 

KftUPP  Brand 

Coda 

No. 

Con<Mi<m 

Dimen- 

sions 

mm 

0 2 */. 

proof 

stress 

Tensile  strength 
mm  mex 

hber  ht>*r 

Elonga- 

tion 

Reduction 

ot  ere* 

TIKRUTAN"  LT  21') 

3.7114 

annealed 

0 4 5 0 

78 

83 

10 

. 

(TiAl5Sn2.5) 

annealed 

< 100 

76 

79 

10 

- 

TIKRUTAN’  LT  22 

annealed 

0.6  5.0 

86 

93 

10 

|TiAI8Mo1V1) 

annealed 

< 65 

82 

89 

10 

20 

<TIAtSSn5Zr5) 

annealed 

35  100 

76 

82 

- 

10 

25 

(TiAI6Sn2Zr4Mo2) 

aged 

< 80 

83 

90 

8 

25 

TIKRUTAN"  LT  25>) 

3.7124 

annealed 

0 4 5.0 

46 

54 

- 

15 

- 

(T.Cu2) 

annealed 

< eo 

40 

54 

16 

35 

aged 

0.4  s o 

55 

69 

10 

- 

aged 

< 80 

54 

65 

10 

30 

TIKRUTAN"  LT  26 

3.7154 

aged 

< 65 

85 

99 

6 

15 

<TiAI6Zr5MoSi) 

TIKRUTAN*  LT31>) 

3.7164 

annealed 

06  2.0 

87 

93 

_ 

8 

(TIAI6V4) 

annealed 

2 0 SO 

87 

93 

10 

annealed 

<80 

83 

90 

- 

10 

25 

annealed 

< 160 

83 

90 

_ 

8 

20 

aged 

< 12.5 

107 

114 

8 

20 

TIKRUTAN*  LT  32 

annealed 

< 100 

92 

99 

10 

20 

(TiAI7Mo4) 

aged 

<25 

103 

118 

- 

10 

20 

TIKRUTAN*  LT  33 

3.7174 

annealed 

06  50 

100 

107 

_ 

6 

to 

(TiAI6V6Sn2) 

annealed 

< 100 

93 

100 

.. 

a 

- 

aged 

< 25 

117 

124 

- 

6 

15 

TIKRUTAN*  LT  34*} 

3.7184 

aged 

< 25 

96 

110 

128 

9 

20 

(TIAI4Mo4Sn2) 

aged 

2S  100 

92 

105 

122 

9 

20 

agod 

100  150 

87 

100 

120 

9 

20 

TIKRUTAN*  LT  41 

annealed 

<65 

82 

89 

20 

(TiVl3Cr11AI3) 



aged 

<65 

117 

131 

- 

4 

10 

l)  British  Standards  TA  14-TA  16  All  alloys  can  bo  supplied  In  accordance  with  official 

f)  British  Standards  TA  21  -TA  24  standards  and  specifications  as  well  as  customer 

»)  British  Standards  TA  10-TA 13  specifications 

4)  British  Standards  TA  29-TA  37  (TA  4S-TA  51) 
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APPENDIX  11.  CORRELATION  DATA  COMPILED  BY  THYSSEN  EDELSTAHLWERKE  AG,  TITANIUM  DIVISION, 
(CONTIMET)  KREFELD,  WEST  GERMANY;  COMPARING  VARIOUS  INTERNATIONAL 
STANDARDS  WITH  THE  CONTIMET  BRAND  OF  TITANIUM  ALLOYS<18> 

Table  2 Speoifloatlonm 

CONT1MKT  * tiianium  and  titanium  alloys  me«’t 
all  international,  national  and  customer  epee i - 
lieJt.om. 


1 ) Bars 

2)  Forgings 


f.rutlr 

iWN  Mat.  No  . 

sheet.  Strip 

V\M 

Bit* 

Other* 

CONTIMET  50 

IV*  J.7C*4 
DIN  17  863 
AlCMA  T.-P  01 
AIR  9H2  T JS 
VJTUV  210  1 
A STM  B 265  Or.  1 
DTD  SC'> 

t V 5 7024  *) 

DIN  17  862’) 

DIN  17  864  ') 

VJTOV  250/1 
A STM  B 54SGt.  1 ')! 
ASTVB)8IGr  1 I'Jj 

DIN  17  S65') 

VJTOV  2.50'l’) 
ASTM  B 5)7  Gr.  f *i 
ASTM  8)12  ERT.  •) 

DTD63-5*) 

l.ONTIMI.r 

• 1.7J IS  t 

1 V.  < 7C14 
PIN  17  860 
AlCMA  T.-P  C2 
AIR  6182  T 43 
VJTUV  2)0-11 
ASTM  8 265  Gr  2 
I)TI>  502) 

AMS  4902 
Mil.  T 6046.  1 A 

( V J 70)4 
DIN  17862') 

DIN  17  S*4’| 

AlCMA  T.-r02 
VJT0V2W.II 
ASTM  n 548  Gr.  !<)  \ 
A STM  B 381  Or  5 21). 
DTD  SCO) 

Mil  T 9047,  1 

DIN  17  865’) 
VJTUV  2)C'I1  >) 
ASTM  B >57  Gr.  2 *> 
ASTM  8 382  LR  1 . * 
AMS  4951  >) 

AMS  4941  •) 

AMS  494  7’) 

CONTIMI  T35D 

\ 'CSS) 

DIN  17  863 
AlCMA  T.-P  05 
AIR  9182  T SO 
v.nuv  2 'em 

A STM  B 266  C,.  5 
AMS  4903 
MIL  T *>C46.  1 t 

DIN  17  8*2’) 

DIN  17  864  2) 

Varov  210/111 

ASTM  B 548  G-  5’)  | 
AsTMB)llGr.l  5>  ! 
Mil  T 9047,  1 

DIN  |7  S6)>) 
VJTUV  250-111  'i 
ASTM  8 557  Gr.  5‘) 
ASTM  B 582  FRT.  *) 

rONTJMI  T S3 

1 V 4 -C64 

DIN  r 863 

AlCMA  Ti-T  C4 
AIR  9182  T 60 
VJTlTV  2JC/IV 
A STM  b 26  5 Gr.  4 
DTD  506J 
AMS  49CI 
Mil  T *»:4h.  \ R 
ns  T\b 

I V.  > 7064 
DIN  17  862') 

DIN  1 7 8*4  ') 
AlCMA  T.-P  04 
VJTOV  2)0/1  V 
ASTM  D )4S  Ct.  4 
ASTM  8 381  Cr  l 4>! 
AMS  492) 

Mil  T-9047,  1 

DIN  17  66)  !) 

VJTOV  250  IV  ’ 
ASTM  8 557  Gt.  4 •) 
ASTM  8 382  FRT.  *) 

TON  FI  MIT 
Cu : 

1 V l ’124') 

All  MAT.  I'll 
115  TA  21 
DTI)  Spec.  5253 

I V .'.7I24') 

AlCMA  T.-P  II 
BSTA  22  25  24 
DTD  524  > 6255  5262 

CONTIMET 
A15n  52 

(5.7115) 

LW  5.7114  •) 

A STM  8 265  Gr.  6 
A61S  4910 
MU  -T-9C46,  II/A 

1 V 5.7114*) 

ASTM  B 548  G.  61) 
ASTM  B >81  Or.  I 6’) 
AMS  «»2*  >) 

AMS  4966  >) 

MIL  T-904’.  2 

ASTM  B 382  ERT.- 
5 Al- 2.5  Sn  •) 

AMS  495)*) 

CONTIMFT 
AlMoV  8 1 I 

AMS49JS 
MU.  T 9C4«,,  \]'l 

AMS  49’ > 

\11l  T 9C4'.  5 

AMs  49SS  •) 

CONTIMI  T 585  j 

IV  t 7)54  ’> 

CONTIMFT 

A!Sii/,\1,i 

Mil  t »:46.  not, 

Mil  T 904’.  11 
AMS  4974  ’) 

IV  3.7144’) 

CONTIMI  r 
A1V  64 

15.7165) 

I W .1  i-164 
AlCMA  T»-P  AS 

As  I’M  &2* SCt  > j 

AMS  4911 

MU  T 9C46.  Ill  C 

*l\n  . 

1 V 5.71*4 
AlCMA  T.  P 6) 

AIK  918) 

ASTM  B 14S  Gr.  5') 
ASTM  8 Ml  Or  1 5>) 

AM”  49’8 

MIL  T 9C47.6 
BSTA  II  12  15 

ASTM  B .582  IRT. 
6AI  4V‘) 

AMS  4964  •) 

AMS  49)6  •) 

AMS  4967  ’•) 

CONTIMFT 
AIMo  74 

_J 

MIL  T 9C«-.  9 
AMS  4973 

CONTIMET 
AfVSn  6 6 7 

l.W  5.7174*) 

AMS  4918 

Mil  T 9C46,  HIT  I 

I V 5 7174*) 

AMS  *971.  4971.  7) 
Mil  -T  9047,  8 

AMS  4979'*) 

CONTIMFT 
VCrAl  15-11  1 

AMS  4917 

Mil  T-9C46,  IV  -\  | 

Mil  -T  9C47,  12 

CONTIMI  T 
Ms*  52  FI  1 

Mil  T 9D46.  M B 
AMS  4959 

MU  T 3 

AMs  49*4 

CONTIMLT 
mv  #.4  r.i  r 

Mil  T 9C4fc.  MI  D : 

AMS  4907 

MI1  T 9C4\  7 
AMS  49  1 3 

3)  Plate  over  5,0  mm  thickness  5)  Wire  7)  Seamless  Tubes  9)  In  preparation 

4)  Welding  Rods  6)  Tubes  8)  Intrusions  10)  Bars  and  Forgings,  Heat  Treatable 
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APPENDIX  11.1.  (Continued) 


CONTIMET  AIVSn  A-6-21) 


APPENDIX  12.  CORRELATION  DATA  COMPILED  BY  OTTO  FUCHS  METALLWERKE,  WEST  GERMANY. 

COMPARING  VARIOUS  INTERNATIONAL  STANDARDS  WITH  THE  OTTO  FUCHS  BRAND 
TITANIUM  ALLOYS125* 


APPENDIX  12.1.  TABULAR  DATA  COMPILED  BY  OTTO  FUCHS  METALLWERKE;  SUMMARIZING  CHEMICAL 
COMPOSITION,  PHYSICAL  AND  MECHANICAL  PROPERTIES  OF  OTTO  FUCHS  BRAND 
TITANIUM  ALLOY  CHARACTERISTICS^5* 


Modulus  of  Elasticity 


Thermal  Conductivity 
( room  temperalu'a) 


APPENDIX  12  1 (Continued)  Tmmwwm  MachanicalPropartlat  in  th«Haal-Tr  aatad  Coodttlon  ist») 

<T&#  mat*,«n.c*i  piopeniM  */•  giaaiiy  aifaciad  by  it»a  actual  cron  aacl.©*  and  «n«  o*  tne  ma'er< 
dihon  in  iha  cat*  oi  large  tactiona.  haal  tnaimani  /atponie  will  f>*  inadequate; 


APPENDIX  13.  TABULAR  DATA  COMPILED  BY  USSR;  SUMMARIZING  DETAILED  CHEMICAL  COMPOSITION  OF  THE  SOVIET 
TITANIUM  AND  TITANIUM  ALLOYS  AND  SOVIET  TITANIUM  SPONGE 
(From  the  1975  book,  "The  Use  of  Titanium  in  the  National  Economy")^85^ 
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ALLOY  INDEX 

(Alphanumeric  by  Alloy  Designation) 


ALLOY  INDEX 


The  Alloy  Index  is  the  “key”  to  entering  Table  1,  which  gives  detailed  information  on  each  alloy. 
The  Index  shows  the  alloy  designation  and  the  index  number  where  the  alloy  can  be  found  in 
Table  1. 


In  a computer  generated  index  the  ordering  may  be  different  than  one  would  ordinarily  expect. 
For  example,  the  use  of  a period,  a hyphen  or  dash,  or  a blank  space  will  change  the  mechanical 
ordering.  See  TA  44  through  TA.58,  page  Index-7;  T-A2M  through  T-60,  page  Index-9;  and  T3M 
through  T 995,  page  Index-8. 
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KEEPING  YOUR  HANDBOOK  UP  TO  DATE— In  order  that  we  may  keep  all  holders  of  the 
Handbook  of  International  Alloy  Composition  and  Designations,  Volume  I-Titanium  advised  of 
additional  supplements  and  nev?  reference  data,  a registry  of  the  locations  of  ail  copies  is 
being  maintained.  To  assist  us  in  keeping  these  records,  we  ask  that  you  complete  and  return 
a self-addressed  postcard  from  this  page  upon  initial  receipt  of  the  Handbook.  If  responsibility 
of  this  copy  of  the  Handbook  is  transferred  to  another  party,  please  use  the  other  postcard  to 
advise  us  of  the  change. 


ADDITIONAL  INFORMATION-Any  questions  on  the  Handbook  data  or  request  for  additional 
data  should  be  addressed  to  the  attention  of  Mr.  Harold  J.  Hucek,  Manager  of  Publications  at: 

Metals  and  Ceramics  Information  Center 
Battelle’s  Columbus  Laboratories 
505  King  Avenue 
Columbus,  Ohio  43201. 


BATTELLE  COLUMBUS  LABORATORIES  Date 

Gentlemen: 

Receipt  of  MCIC-HB-09,  Vol.  I,  "Handbook  of  International  Alloy  Compositions 
and  Designations,  Volume  l-Titanium",  is  hereby  acknowledged.  The  name  end 
address  of  the  person  maintaining  this  Handbook  is  as  follows: 

Name 

Organization 

Address 


Comments: 
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Receipt  of  MCIC-HB-09,  Vol.  I,  "Handbook  of  International  Alloy  Compositions 
and  Designations,  Volume  I-Titanium",  is  hereby  acknowledged.  The  name  and 
address  of  the  person  maintaining  this  Handbook  is  as  follows: 
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